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EDWARD CLAYPOLE-THE SCIENTIST. 

"Lear red :r. '.he !ore which Nature can im^ir:, 

Tea:h:r.g Tra: -weet phil-'scphy a!c-r.d 
Which ?ve- ::.e '^:'.\\r !:r:ne' of the cl.^ud — 

I-.'-:!-;:? ::r eo* d :r. all btnca:h :>e >!<u"? — 
"i hc<e arc the tr;:*y wise!'" 

Sixty year? ac:- •. in li'e little village oi Ro>>. Horeiorc. l*. nor- 
land, on the riv-r W vc n:adc iair.«:'Us by Tcrin\>-vi, :V;cre 'iveil 
the Rev. Edwan: Ar.c:c:'. Clayp^Vie. a \v«>nhy FKi|H:<t :v.:ni>rer of 
more than *^T*\::\:xry cmdition. with hi> de\tne\l and cai-.ible 
wife, nee K'.iza!:teLl: Kiunt. Their >«;>n. Edward Waller Clay- 
pole, \va> the eldest of -heir >ix children, and his early life was 
not passed in idlvness nor in the midst of hixun*. He inherited 
sturdy <juaiitie> fp-in Ir tii parents Ahhiuij^h ii !oes ivi ap- 
pear in the rec<''rds accessible that much direct encoiira5::e!neni 
came from tliem towards the pn'secution of scientitic studies. 
and ahhough we know that his rinal detentiinatiou in that di- 
rection cost him and them untold pang^ over unreconcilable 
differences of opinion : yet there can be traced in all his after 
career a cftnsecrati- n if self and an indomitable will. no.i less 
the heritage « »f the harrj schooling of his ancestors in ihe Scotch 
school of divinity at tlie university oi Edinburgh, because it 
led the yramt: tnuh-seeker into then forbidden paths. His 
father, in a <litterent sphere, would have been as true to his own 
conviciion> had not his little world then happenetl to be in 
agreement with him. His paternal grandfather had secnled 
from the established church, becoming a Baptist dissenter, im- 
der like circuTn^^taiiccs. Independence of thought and a tend- 
encv to lihtral ideas wero. therefore, deeplv nxned in tlu familv 
soil. 
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Edward's early traVnHig* was severe and protracted. His 
parents were unaWfeVto^cfo more than to guide and instruct him 
at home. His*,A)od mother w-as, in many respects, a remarka- 
ble womaiv XriS'^icr counsel and admonition made lasting im- 
pressiol^ upon his character. In classical lore, his father was 
v^fA'/.j)tGfficient, and with his aid the son made such rapid 
•'irrogfess that, at fifteen, he was able to assist in teaching. Two 
.jfears later he passed the matriculation examinations of the 
university of London, but was pecuniarily unable to avail him- 
self of further advantages of that non-instructing body, which 
at that time required graduation from certain accredited schools 
as a j)rcliminary to the granting of degrees. These restric- 
tions being removed in 1859, he soon after met all the require- 
ments for both the baccalaureate degrees, in arts and science. 
There would have been no great difficulty in obtaining the ad- 
vanced degree of doctor of science at this time, by further ex- 
aminations, but Mr. Claypole refused to do this, upon principle; 
and he, therefore, waited many years until the terms for grant- 
ing this degree had been so altered as to make it an honor 
worth having. Accordingly, he then presented some original 
w-ork and was highly complimented when the degree was con- 
ferred upon him in 1888. 

Whatever we may think of the scholastic methods of the 
period of his youth, there can be no two opinions regardmg 
the advantages of the old classical drill, in linguistic results, 
to such, at least, as were worthy to survive its drudgery. Here 
we have the secret of his remarkable power of expression, his 
masterful command of the English language. One of the 
strongest features of our friend's influence in the world was 
the adequate use of rhetoric. His pen and voice invariably 
attested his classical training, although they never lost sight of 
the sturdy power of clean-cut Saxon deprived of its sting. 

Two sisters of his mother, residing at Cheltenham, Englmd, 
gave him his first inspiration towards the study of nature, when 
he was but a boy of 10 or 12 years of age. They encouraged 
him to observe and classify plants and to collect fossils from 
the quarries near by. Later, while teaching others, he laid 
the groundwork in other branches of science, though pos- 
sessed of scant opportunities and more meager facilities. Old 
bottles and wisps of straw with original. amaratus constructed 
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by himself, formed his laboratory equipment in physics and 
chemistry. Financial limitations and engrossing duties served 
apparently as spurs to his achievements. After his marriage, 
in 1865, to Jane Trotter of Coleford, Gloucestershire, England, 
we learn that his time was mainly given to educational work 
in classical and mathematical subjects. But he evidently found 
time to pursue scientific studies during these years, for his 
earliest publications, appearing in 1870, at the ripe age of 
thirty-five, manifest not only the scholarly language and precis- 
ion of thought which indicate the reflex influence of his own 
classical instruction, but also an array of facts and results 
of personal observation which seem little less than marvelous 
under all the circumstances. He toiled laboriously and waited 
patiently until the evidence was complete. Then he came forth 
with a series of papers so thoroughly digested that they are as 
worthy to stand as monuments to his fame as any of the long 
lis: of subsequent publications. 

The Proceedings of the Bristol (Eng.) Naturalists' Society 
for the years 1871 and 1872 carry upon their title pages the 
name of Edward Claypole, as editor. In these were published 
his first scientific papers. It is very noticeable that with them, 
as with almost all the papers afterwards written by him, the 
titles are so worded as to modestly imply that his work is not 
exhaustive upon the subjects treated. During the three years, 
1870, 1871, and 1872, he read before the Bristol society the 
following papers : 

"On some Evidence in Favor of Subsidence in the Southwest Coun- 
ties of England During the Present Period." (Read Jan. 12, 1870.) 

"On the Development of the Carboniferous System in the Neighbor- 
hood of Edinburgh." (Read Jan. 10, 187 1.) 

"On the Subsidence of the Southwest Counties of England During 
the Present Era." Paper No. 2. (Read Jan. 12, 1872.) 

"On the Same Subject. No. 3. (Read May 2, 1872.) 

These contributions represent original work of a very high 
order, and could never have been written without a knowledge 
of the subject gained after years of observation. The reader 
cannot fail to be forcibly impressed with the pains-taking care 
and thoughtful consideration which had evidently been given 
before publication. To these articles might as fitly be applied 
as to any of his able writings, the remark once made by a 
brother geologist, "Whatever he publishes is eminently Clay- 
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polean." It is not too much to claim that, if they were to be 
sent out now over his own signature, without comment, geolo- 
gists unfamiliar with them, would consider them newlywritten. 
So well had he threshed out his material that revision at this 
late date would be merely technical and probably wholly unnec- 
essary. Thus at the threshold of his career, he appears with 
character and habits thoroughly formed by his rigid school- 
ing, and although he grew in strength and influence in later 
years, he never failed to "go to the bottom" of his subject, even 
at the start. 

A great crisis in his life came about this time. He was not 
the only one who was made to suffer for conscience sake at 
that period. Tlie revolutionary ideas of Darwin, supported 
by an over\^' helming array of facts accumulated slowly for 
years, now came irresistibly before Edward Claypole as a 
newly forged tool with which to work upon the raw materials 
of earth. Rlit it cost him heavily to retain it. 

The widespread revolution in thought at the time of the ap- 
pearance of Cliajlcs Darwin's treatise on "The (.)rif;in of 
Species,'' which gave impetus to the doctrine of evolulitin, we 
may supi>ose was much more bitter in Claypole's environment 
by reason of its nearness to the fountain-head. At any rate, the 
yoimg man, now nearly thirty-live, recovering slowly from 
resull.s of the financial depression of i8(i6, with increasing 
family and bowed down over the loss of his estimable wife, was 
soon comp<.'lled to stand champion for that science to which 
he had then committed himself. It became neccs.sary to re- 
nounce his allegiance or to forfeit his means of support. The 
authorities of Stokcscroft College, at Bristol, where he was 
teaching, were alarmed by the t^^ndency of his induem-e over 
students, impelling them to think for themselves. They insist- 
ed upon a statement of lus religious beliefs. This appearing 
to clearly demand of him a branding of the hypothesis of evo- 
lution as heretical and forbidden doctrine, he declined to 
acquiesce, and his resignation followed as a necessity, 

Only those who l>ear the scars of cruel wounds received in 
that memorable conflict can fully apprecia.te the depth of moral 
courage necessary to meet the issue as Oaypole met it, with his 
surroundings and necessities. And wiih .ill ilial, he was ioon 
forced to quit his native land and ;ill his family tics to seek a 
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home in a foreign clime, with three motherless infants demand- 
ing his care. His noble wife died in 1870, leaving a young son 
and twin daughters, the latter but a few weeks old. 

Bravely he battled against an overwhelming tide of ^lisaster, 
striving to avert the necessity of removal to .America. In 1872, 
he was the successful applicant for the professorship of mathe- 
matics and natural science in the University College of Abery- 
stwyth, Wales: but he had not completed arrangements for 
transfer to this post, when the same bigoted spirit appeared 
there, and he was not permitted to assume the work. 

He then came to the United States, in October, 1872, 
thinking to meet a more tolerant attitude on this side of the 
Atlantic. His hopes were not realized. Almost at this date 
(about August, 1871) the present writer was proposed as can- 
didate for a vacancy in geology, in an American college, and 
was informed in a letter from one of his supporters that his 
election was liable to follow ; "but," he added, "if you go there, 
you must keep very dark on the subject of evolution". Declin- 
ing further consideration of the matter for that reason, his 
friends supported another candidate, now a prominent college 
president, who failed to get the appointment, because he alsw 
could not "keep silent regarding evolution." These matters are 
mentioned here to recall the spirit of those times and to make 
clear how severe was tlie struggle made by Dr. Claypole in 
his persistent determination to acquire the mere right to seek 
truth and exercise his best judgment unhindered. 

Can we doubt that the tight drawn lips, which betokened 
his unswerving firmness of character, were mainly due lo these 
harsh experiences? But whence came that tolerant smile and 
the long life afterwards of gentle and manly defense of those 
wrongly accused,, with never a word to wound, but ever a kind- 
ly thought for others? I'ndoubtcdly these were the very re- 
sult of these trials which tested and proved him true. Much 
of this lofty character was iidierited, but if we read aright, 
his scientific work, as well as his earnest, simple life and his 
power to think and to tell and to do, came even more from 
this bitter school of experience in which he was not the 
teacher, but tlic faithful learner. 

Very few know how he struggled through the first years 
)tis residence in America. There was no welcome then for 
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men like him, except where he had not had opportunity lo be- 
come acquainted. The friendship of Henry W. Bellows, of 
New York, and Rev. Edward Everett Hale, of Boston, gave 
him work in Latin teaching and the reviewing of text-books. 
Dr. Hale secured for him in 1873, the chair of natural science 
at Antioch College, Yellow Springs, Ohio. Dr. Edward Or- 
ton, afterwards the state geologist of Ohio, was his predeces- 
sor there. Horace Mann, the great light in American educa- 
tion, was the founder of Antioch. Professor Claypoie re- 
mained eight years in this position, retiring when the institu- 
tion temporarily closed from lack of financial support. Soon 
after going there another bitter trial came to him in the terrible 
dcatli of his y.oung son, who fell from a railroad train in 
England. 

This period of his life covered one of those terms of pre- 
paration and mental digestion which, to the casual ol)server, 
may seem comparatively unfruitful. But it is certain that a very 
large part of the results of his observation and deliberalion, 
which appeared in later years was based upon studies made 
during tliis epoch. Heavy demands were made upon him for 
work outside his regular department. His equipment, as we 
know, was broatl and thorough, but much time which might 
better have been devoted to scientific investigation was con- 
sumed in teaching languages anil other subjects not germane 
to his chair. 

In the eight years of his incumbency he produced tliivteen 
papers of importance bearing mainly upon Ohio geolog\', but 
llicse came at intervals whicJi jilainly attest the serious method 
of the investigator. Not until two years after going to Vellow 
Springs did lie get into print on the subject of his work there. 
In iR~5, he read a very valuable pai>cr before the (."iuciimati 
Society of Natural History, entitled "Present State of the 
(ilacial Controversy". 

In 1877, he contributed to the "Canadian Naiuralist" a pa- 
per on tlio "Prcglacial Formation of tlie beds of tlie Great 
Lakes", following in 1878 with a second article on the ^.imc 
subject. These contained, apparently, the first announcement 
of views which afterwards made him the doiighty upjxiiient 
of some of tlic sires of American iicnlt^y. But hif cmitesLs 
were never waged save in the cause of Iriilh and he r 
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tered the lists witliout the most thoughtful preparation. His 
arguments in this case were invincible, although not greedily 
accepted by his compeers in science. In this manner the sub- 
ject of the ice age became his specialty, and with this he was 
identified very closely in after years of his life of diligent re- 
search. 

His chair at Antioch was as broad as was common in those 
'd'ays, when natural history branches were not fairly out 
of swaddling clothes. His mind clearly recognized the unity 
in variety of all nature; hence we find numerous notes recorded 
in various periodicals of the times, in the newspapers and 
elsewhere, on topics relating to botany and zoology, as well 
as to geology. In 1877, he wrote an admirable and well-timed 
article for the introduction to S. A. Miller's "American Palaeo- 
zoic Fossils", on the subject of Nomenclature. 

For years familiar with the work and writings of Prof. 
Claypole, and many times charmed with his tasteful diction, 
the detailed examination of his papers for the purpose of this 
sketch, lias more strikingly emphasized on the writer the won- 
derful clearness of his most technical publications and the per- 
manent value of even the smallest scrap of observations record- 
ed by his pen. He tells of the number and variety of insects 
caught at night under the electric light with the enthusiasm 
andinterest of a scbotjl-gir!, and the facts are as valuable and as 
well embalmed for future use as in a technical presentation. 
His description of a tornado and explanation of its causes reads 
like a romance, but it has all the scientific accuracy of an astute 
treatise. 

Thus he appears in 1877 in a paper read before the Mon- 
treal Horticultural Society and reprinted ^n the Quarterly Jour- 
nal of the Geological Society of London, on "Migration of 
Plants from Europe to America", and again in 1878, in the 
■same medium, on "Migration of .Animals from America to 
■Europe and Vice Versa." In 1877, he also contributed to 
"Psyche," of Cambridge, Mass., a paper "On a Borer in the 
Leaf Stalk of the Lhickeye." In 1878, again, he describes in 
the "American Journal of Science," and in the English "Geo- 
logical Magazine," "Clytodendroii-^FossW .Upper Silurian 
Then there is another silent working period, until 1881, 
len he follows up his earlier work on the basins of the great 
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lakes, by throwing a bombshell into the geologists* camp at 
the Cincinnati meeting of the American Association for the 
Advancement of Science, in a paper entitled : "Evidence from 
the Drift of Ohio, Indiana and Illinois, in support of the 
Prc-glacial Origin of the Basins of Lakes Erie and Ontario/' 
At this same meeting he presented a paper on "An Archime- 
diforni Fenestellid in Upper Silurian Rocks of Ohio," and 
one on the "Life History of the Buckeye Stem Borer. — Ser- 
icoris insfrtitana.'* He also contributed "Entomological Notes 
for the Summer of 1881," to an issue of the Canadian En- 
tomologist of that year. 

While at Antioch College, in 1879, he was married to 
Katharine. Benedicta Trotter, of Montreal, a second cousin 
of his first wife. This estimable lady survived him barelv 
long enough to perform the loving labor of furnishing the 
material for this biography. The evidences of her devo- 
tion and helpfulness are apparent in all his later work. 

The world does not alwavs learn of the influence ot the 
**silent partner" for good or ill, in a great man's life — the 
wife — who by devotion and patient endurance, added to 
judicious counsel, makes his burdens light and his renown se- 
cure, or who may, unthinkingly or purposely, hold him down 
and prevent or mar his accomplishment. To those who knew 
liim bv his words and works it mav seem unnecessary to look 
beyond those piercing, deep-set eyes, and those firm-closed lips, 
from which the tolerant smile was never absent, for an explana- 
tion of his power. But a closer examination of his life and 
times will reveal influences from sources too holy and sacred 
to be adequately estimated here. Suffice it to say that very 
few men have been *so blessed in the home circle by intelli- 
gent and helpful co-operation of wife and children in scien- 
tific pursuits, and that no sketch of his career can l)e com- 
plete without a warm tribute of praise to both his devoted 
partners and to the daughters whose able original work 
stands beside his own in the transactions of the learned so- 
cieties of America. What all this must have been to him, and 
how deeply-woven have been these subtle influences into the 
life \\ork of lL(l\var<l (/layjiok' wc may but feebly comprehend. 

Hut there is due from one who was honored by the kindly 
friendship of Mrs. Claypole (she died at Pasadena, Cal., but a 
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few weeks after her husband's decease) and who knew her 
attainments and qualifications as helpmeet companion, at least 
a word of acknowledgment here of her work for science. Rev- 
erently conning the files of Dr. Claypole's papers, records and 
memoranda there come up frequently mute, but striking, tes- 
timonials to the intimate association of the wife with his tech- 
nical pursuits. She had prepared for the examinations leading 
to his degrees and shared in his intellectual life as few others 
could. Her enthusiasm and honest pride in his work were in- 
spiring spectacles, and her own description of his achieve- 
ments (quoted later in this sketch) is an admirable illustra- 
tion of the share she alwavs had in his life-work, fn her death, 
American geology and geologists have lost a kindred spirit. 
Her absence from the annual meetings of the American Asso- 
ciation for the Advancement of Science, will be keenlv felt bv 
those who were wont to greet her and him as inseparable ele- 
ments upon such occasions. Her last words to the writer were 
in reference to such an occasion when the names of mutual 
friends were happily recalled ; and the greetings sent to her in 
remembrance of her husband from the Denver meeting, in 1901, 
at the time of his decease, were cherished among her precious 
jewels. 

Professor Clay pole's paper on pre-glacial geology antago- 
nized pet theories of earlier workers, although his arguments 
were largely supported by their own statements of facts. Possi- 
bly for this reason, his abilities were not utilized by the Ohio 
Geological Survey. But in October, i88r, when leaving An- 
tioch, he was called to the Second Geological Survey of Penn- 
sylvania, being assigned to Perry and Juniata counties. Then 
began another distinct period in his life. He was for a time 
called away from the study of the Tee Age and its antecedent 
era to the contemplation of Silurian and Devonian fossils, and 
to the solution of geognostic problems. 

His discoveries in this field were epoch-making, and it 
was fortunate for his fame that his skill in drawing was no 
less remarkable than his powers of description. His maps 
and ilhistrations of fossils were not redundant, but alvays 
acciiratf and perspicuous. Many of the original sketches de- 
picting the tyjie specimens are now preserved in his library, 
convincing::: j)roofs f the importance of his researches. 
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It is not an uncommon affair for men of no particular eru- 
dition to be honored as mere collectors, in the naming of spe- 
cific variations requiring new titles. But it is very rare for 
generic names to be so bestowed. Professor Riley, formerly 
United States entomologist, thus honored professor Claypole 
in selecting the name Claypoleana to apply to an important dis- 
covery by him of a new genus of insects. A striking instance 
of his personal modesty is afforded by the effort he made to 
avoid this well merited compliment. 

Besides the two large volumes of the Pennsylvania survey 
which contain the prolific work of Edward Claypole, the im- 
mediate and after results of his labors there appear in num- 
erous papers read before learned societies in America and Eu- 
rope, and in frequently contributed articles to newspapers. 

Perhaps no other scientist in the United States lias been so 
prodigaJ of his gifts to the public in the fonn of simple and 
readable expositions of the results of scientific study. Aside 
from his lectures and correspondence, he regularly reported in 
popular language for the local press, the meetings of the great 
associations with which he was identified, and he very frequent- 
ly contributed articles bearing upon the work of the survey. 
In a scrap-book of newspaper clippings, on his library shelves, 
I find 51 such articles, of which 30 appeared in the columns 
of the Perry County (Pa.) Freeman, during the two years 
which cover the pericxi of his engagement on the Pennsylvania 
survey. The range of subjects is shown by the appended list 
of titles: 

"The Object of a Geological Survey," (3 articles). 

**The Act Providing for a Second Geological Survey of Pennsyl- 



vania." 



"A Botanical Curiosity in Perry County." 

"The Sandstone Ridges of Perry County** (2 articles) . 

"Mistaken 'Geological Specimens of Antiquity.'" 

"The Volcanic Rocks of Perry County." (2 articles). 

"The American Association in Montreal." (2 articles). 

"Note on the Agency of Insects in Preventing the Fertilization of 

Plants." 
"The Weather." (3 articles). 
"The Transit of Venus at New Bloomfield." 
"The Perry County Coals." 
"The use of Lime on I^ind." 
-The Hessian Fly." 
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"Meeting of the American Association for the Advancement of 

Science at Minneapolis." 
"About Anglo-Saxon." 
**Salt and Plaster on the Land." 
"Some Old Perry County Fish." 

The results of his work upon the Pennsylvania survey were 
important and extensive. We can best epitomize them in the 
words of the good wife who but briefly survived him, as she 
gave them to me from her own intimate knowledge of his zeal- 
ous labors through that brilliant period of his life. She writes : 

"The Survey extended over Perry and Juniata counties and was 
the occasion of some of his most important contributions to palaeon* 
tology and geology. It was here that the great ti:;d o; the Pai.dsp.s 
remains was made, the, at that time, oldest, geologically speaking, 
fish remains known. They came from the Silurian (Upper) and the 
establishment of their true antiquity on unquestionable geological 
and palaeontological evidence was a task involving the most careful 
and laborious work, one that only a man possessing almost infinite 
patience, greatest delicacy of touch and an almost dogged determi- 
nation could accomplish. The small scales, or plates, that were 
found had to be ground down thin enough to demonstrate micro- 
scopically their true bony structure. Edward Waller Claypole had 
none of the modern apparatus for rapid grinding, and had to work 
by hand. The extreme brittleness of the material rendered many 
efforts necessary before final success was achieved. The further es- 
tablishment of the age of the rocks was one involving great care and 
accuracy of observation and deduction, but when established it was 
beyond question and, try as they might, other geolgg^sts could not 
break the evidence, and to America belongs the honor of having the 
oldest known remains of fossil fish ; previously the oldest had been 
in Kngland. Since that time attempts have been made to show that 
still older ones exist, but the evidence for these is not yet at least 
beyond (juestion. Besides this special piece of work, the survey 
resulted in discovering many interesting new species of fossils and 
also the working out of general geological problems in rock form- 
ation (and earth movements) making the time spent of g^eat rich- 
ness to him, personally, in geological experiences." 

Sixteen important papers were contributed by him to vari- 
ous scientific associations while engaged upon this surs^ey and 
twelve more were published as direct results of this wrrk in the 
years succeeding, to 1887. 

The IVnnsylvania Legislature having failed to provide for 
tlu' full prosecution of the survey, professor Claypole accepted 
a call to the chair <^f natural science at Ihichtel College, Abron, 
Dhio, c-tal)lislied in 1883. being the founder there f that de- 
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liarinicnt. He assumed tliese duties early in 1884, remaining 
steadily for 14 years, when lie came tu Pasadena (lagS^) on 
account of the illness of liis wife. 

At Biichtel he again took up his work upon the phenomena 
()f tile Ice Age, Jiavinjj abundant illustrations within easv 
reach. Some idea of the scope of his studies and their re- 
sults may be gleaned frcm the titles of his publications dur- 
ing this period, including tlie twelve valuable jiapers previously 
mentioned, which appeared in the first years of bis residence 
at Akron. A list of 102 of these contributions to science pub- 
lished from ]H84 lo i8i)8. clas-^ifieil according to ilepartments, 
appears as follows: 

Falxonlology 49 

111' Age 14 

Sirucnir;il Gi'^lngy 11 

Philosopliic;il 1 )iM:v;-?ir>ns , 9 

Physical (it'ography 6 

Archicolrigy 3 

Zoology '. 2 

Ri'ccnl (ifologj- 2 

Oil. Natural Gas 2 

Botany, Vegetable Phy-iology fonih t) 4 

.■\ 11 atomy, Micru.sciiiy, 



Total. 102 

Very many valuahk- articles were al.-io conlribuied by him to 
the Daily Beacon, published at .\kron. 

Dr. Claypole was himored by election to meml>ership in 
many of the foremost associations for the promulgation of sci- 
ence in (ireat Britain and America. The ap()cnded list cannot 
be regarded as complete. 'I'lie dales of election are in i"any 
cases nearly coincident with the reading of important papers 
before ihese societies. 
Menibi'r. Briitoi, (Eng.) Nalnralists' Sotitiv, (Sicrclary 2 or more 

years.) 
Fdlott'.iif tlic Geological Society of London. 
Follow of ihe Geological Society of Edinburgh. 
Fellow of the Geological Society of America. (Original Fellow). 
FHlow of ihe Cordilleran Section, Geological Society of America. 
Fellow American Association for the Advancement of Science. 

(Chairman Section E, 1897; SecrcUi; Section E, j886.) 
One of (he Founders arid l-ii^I I'lCMdviii ..{ tin- 1 >],„. Acader 

Sciences. 
Member of the JiiifrnaliM 
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Member, American Microscopical Society (President 1897.) 
Member, Davenport Academy of Sciences, Davenport, Iowa. 
Member, Natural History Society of Cincinnati, O. 
Member, Trinity Historical Society,- Dallas. Texas. 
Member, Torrcy Botanical Club, New York, N. Y. 
Member, American Philosophical Society, Philadelphia. 
Member, Entomological Society of Ontario, Canada. 
Member of the Western Reserve Historical Society, Cleveland, O. 
Member of the Montreal Horticultural Society. 
Member of American Society for Psychical Research. 
Member of Local Societies in Ohio, Pennsylvania and elsewhere. 
Honorary Member of the Southern California Academy of Sciences, 
Los Angeles. 

He contributed valuable papers to nearly all these organ- 
izations. At the American meeting of the International Con- 
gress of Geologists his linguistic attainments were prominently 
displayed, he being the only home member who delivered his 
address in French, the regulation tongue for the proceedings 
of the Congress. 

Among the journals which were enriched many times by 
articles from his pen were; 
American Naturalist. 
Geological Magazine, London. 
Quarterly Journal of Geology, London. 
Canadian Naturalist. 

Journal of American Society for Psychical Research. 
Canadian Elntomologist. 
Popular Science Monthly. 
American Geologist. 

As one of the editors of the American Geologist, which 
position he ably filled from the inception of that journal, in 
1888, until his death, he had often to write in no uncertain 
terms regarding the controversies of men eminent in scientific 
work. In such articles there was no indirection nor round- 
about diplomacy. Nor did he ever lower his dignity or put 
forth one word of censure without the most careful delibera- 
tion. An article from his pen published in the Popular Science 
Monthly, April, 1893, entitled "Professor G. F. Wright and 
his Critics," is a most interesting example and will bear close 
scrutiny. He begins by stating the difficulty in the wa} of 
solving, all at once, the mooted points concerning the antiquity 
of man and the history of the glacial period. Then he refers 
to professor Wright's book and quietly outlines the work done 
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by that investigator, following this with a vigorous, but calm, 
protest "against the style and manner of the articles which 
have appeared in condemnation of the work and in denuncia- 
tion of the writer." He next wards off charges of favoritism 
by shijwing up some of the weakness of the author in question 
and continues in masterful tone: 

"There is, however, little occasion here to exfX)se the weak 
points of the volume, because this has already been done in 
a most excellent and exhaustive manner [by his critics] '^ * 
We believe that he [Mr. Wright] may comfort himself with the 
thought that the worst that could be said has been said con- 
cerning his little volume." 

He follow^s this with statements and quotations to show 
that several writers have been abusive and unjust, merely be- 
cause professor Wright's theological views are unacceptable to 
them. He calls attention to the harm done to science by this 
revival of the old intolerant spirit of which scientists have com- 
plained when held or exercised by earlier theologians, and 
shows that the general public will, although erroneously, lay 
the blame upon the cause of science. 

But when we consider all that Dr. Claypole himself had 
borne, in his hard struggles, on account of this very weapon 
of theological bias, and how much reason he might have had 
for joining those who mocked, the following i)aragraph i'^-om 
his pen reveals depths of character and breadth of mind not 
frequent among us, to say the least: 

"Some of the critics have gone out of their way to make caustic 
remarks on the profession of tlie author. Surely they should be 
familiar enough with the records of science to be aware that in spite 
of all obstacles which theology has thrown in her path, many theolo- 
gians have risen superior to their environment, and to them geology 
is deeply indebted. Without the labors of Buckland, Sedgwick and 
Woodward, Bonney. Blake, Crosskey, FMsher and Renard, Haughton 
and Hitchcock, many valuable chapters would be missing from her 
literature. Instead of regretting that a theological professor should 
be found in the geological field, it would be more seemly to wish that 
there were more such men. Instead of showing apparent jealousy, all 
helpers should be made welcome. Official reserve and exclusive- 
ness are out of place in science. The field is the world, the harvest 
is plenteous, and the laborers are all too few." 

Sublimely eloqtient words are these to be uttered by one 
whose early history was such as has. been tamely outlined in 
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this place. But they are only as sincere and exalted as was the 
whole life of the man whom we were privileged to know and 
to take as our inspiration to higher achievement. 

And we majy learn from his words and the living of his 
life, that bigotry, prejudice and superstition grow out of the 
narrowness of weak human nature, and that they are not, as 
we are prone to feel, the exclusive property of any one or 
other sect or of any faction in religion, education, politics, 
business, science or art. Change about the words a little and 
his remarks will find us self-convicted of the same intolerant 
spirit, which never concealed from his gaze the underlying 
principle; for well he knew that some of those who bore him 
the least good-will were earnest in their belief that they alone 
were keepers of the truth. 

There is another characteristic feature of this very able 
article. Although many references are made in foot-notes to 
the exact places in which the objectionable criticisms may be 
found, there is not one instance in which the name of the critic 
appears. Such work in science is of a very high order, and as 
rare as elevated. 

Much more ample illustrations might be given of Dr. Clay- 
pole's yoeman service to science by such utterances as this up- 
on similar occasions, but there is only space for one other in- 
stance. It was at the meeting of the American Association for 
the Advancement of Science at Buffalo, in 1886. 

The geologists had made a trip from CHfton down the 
Niagara River valley, to Lewiston, and back along the gorge 
to Niagara Falls, and the aftermath of discussion in Section 
E was among the most interesting and hotly contested in the 
history of the association. Theories and plausible explanations 
of the gorge phenomena were advanced in close proportion to 
the number of speakers. Dr. Clay pole had things to say which 
were not wholly acceptable to some great workers in this field. 
It did not seem an opportunte time for him to engage in the 
debate, and many would have prevented this if they could. 
But when he finally held the floor, his words came like healing 
balm, and in the most logical manner he presented the argu- 
ment concisely and exhaustively, leaving the whole question in 
the best possible condition for amicable settlement. It was a 
masterstroke of diplomacy, a tactful presentation of his own 
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contentions witliotit acrimony, and it won the day completely. 
It was at this meeting that his paper entitled "Buffalo and 
Chicago" was presented, and his book on the *'Lake Age in 
Ohio" was published in London and Edinburgh the following 
year. But he had announced his views on the "Preglacial Ori- 
gin of the Great Lakes," wuth convincing arguments well sup- 
ported by facts, as early as 1881. 

Professor J . P. Lesley in his Introduction to Dr. Claypole's 

.. volume (being Report of Progress, 1885, ^^ ^^^ work in Perry 

]j County, I^ennsylvania,) thus summarizes the remarkable work 

5 accomi)lished by the latter : 

i' I. Limitation of the term Clinton to the lower division of 

Ko. v.. First Geological Survey of Pennsylvania. 

2. Ilie consequent establishment of the Onondago for- 
m$ition as embracing the upper 1600 feet of No. V. 

3. Demonstration of the absence of Niagara beds from 
Perrv Countv. 

4. Demonstration of the absence of Corniferous lime- 
stones, and allotment of hitherto supposed Corniferous to the 
Marcellus division of Hamilton group. 

5. Definition of 600-700 feet of shales as Upper Hamilton, 
Genesee and Portage beds. 

6. Demonstration of fauna, partly Chemung and partly 
peculiar, high up in the Catskill. 

7. Systematic tracing of Kingsmill sandstone along all 
the Catskill outcrops of the county. 

The reix)rts of other members of the Geological Survey of 
Pennsylvania teem with references to Dr. Claypole's aid in the 
determination of fossils and in other wavs. 

It is very interesting to review the mental history of the 
man throughout the Buchtcl period, which was divided into 
well-marked epochs. In the first epoch, from 1883 to 1886. his 
papers were mainly confined to notes and observations on 
phases of his prior work in Pennsylvania. But in closing up 
his volume of facts he was led to generalizations which fore- 
shadowed the next epoch of philosophical discussion, which 
covered the ensuing years to 1890, inclusive. 

His contributions to science in this second epoch were of 
great value and well repay careful perusal. They cover 
such topics as the materials of the AppafaMhb^^liipiwtains, 
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the direction of organic variation, the geolopc aspects of 
evolution, the phenomena of glaciers, the physics of the earth's 
interior, deposition and subsidence, continents and deep seas 
and related subjects. 

Then, in the third epoch, frt«n 1891 to 1897, his attention 
was given very largely to the Devonian Cladodont sharks, 
of which the Ohio shales afforded him ample illustration. His 
many papers issued during these years are among the richest 
of his gifts to American geology and palaeontology. Perhaps 
none more clearly evince his unswerving devotion to truth, 
his invincible perseverance in working out minute details and 
his comprehensive grasp of the right relations of isolated facts. 
Certainly this group of papers stands secure as an enduring 
monument no less remarkable than his earlier publications on 
Palaeaspis and the Pteraspidian fishes. 

He exhibited collections of fossils and casts of Cladodonis, 
etc., at the Belgian Exposition, 1897, and read a valuable paper 
reviewing their discovery. Strong efforts were made, wdthout 
avail, to induce him to advertise these and to obtain pecuniary 
profit from their commercial use. 

The knowledge he had acquired of Silurian and Devonian 
aspects was most ably collated in a treatise on the "Devonian 
Formations of the Ohio Basin", which anonymously won the 
"Walker Prize" of the Massachusetts Institute of Technology, 
in 1895. It is to be regretted that this paper has not been 
given the circulation which its merits warrant. 

A new period in Dr. Claypole's career began with his en- 
forced removal to California in 1898, primarily for the benefit 
of his invalid wife, who, however, survived him, following him 
shortly after, as if sustaining life only to ensure this compila- 
tion of the facts of his career in suitable form for presentation 
in the files of the American Geologist, whose readers for thir- 
teen years were indebted to him for very much of the best of 
its contents. 

Throop Institute, at Pasadena, welcomed him to a profess- 
orship and it goes: without saying that his zeaJ and efficiency 
there were most pronounced to the hour of his death. He 
had been in California somewhat more than three years, but it 
Tcaii cbaracteristic of the man not to publish hastily. He had 
already begun to bring forth ripe fruit from his labors there 
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and to exhibit the hungry desire to know the geology of his 
new environment. The earthquake of San Jacinto and the oc- 
currence of petroleum in California gave him topics for papers 
in the Geologist^ and he brought valuable new material before 
the Southern California Academy of Sciences, at Los Angeles, 
and more fully before the Gordilleran Section of the Geological 
bociety of America, in San Francisco, as early as December, 
1900. 

The economic aspects of geology did not escape his atten- 
tion and his advice was sought and followed in some impor- 
tant cases in Ohio and California. His judgment pro or con, 
was always correct, because only announced after the most 
careful consideration; but pecuniary reward for his services 
was never the main object in view. 

In a paper previously mentioned — '* Buffalo and Chicago, 
or What Might have been" — he discusses as a purely scien- 
tific problem the features of hydrography upon which the prac- 
tical engineering work of the "Drainage Canal" was after- 
wards based, and in other instances he appears strongly in 
much the same relation to accomplished technical progress as 
that held by Joseph Henry with reference to the Morse tele- 
graph, or by Faraday, Tyndall, and Thompson and other 
great investigators to the practical electric machines. 

Dr. Edward Claypole was thoroughly equipped for the 
work of life, he was in every sense an "educated man", as the 
term is recently defined by Dr. Nicholas Murray Butler, who 
gives five tests of education, as follows: — 

I. ''Correctness and precision in the use of the mother 
tongue/' One of Dr. Claypole's most apparent traits in his writ- 
ten or spoken language, was always the use of terse and fin- 
ished sentences, couched in elegant, but simple diction. With 
him, this was a natural result of his classical training, and it 
is not too much to claim for him a considerable share of influ- 
ence in aiding the movement towards linguistic precision. 

Below is a copy of a letter which was preserved among 
his papers. An editor, who had scrutinized the proof sheets 
of a paper submitted by him, had objected to the use of a 
certain phrase, and this present letter was sent as a protest 
against any change of the idiom : 
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"My Dear 5»r:— 

Your card has arrived and I suppose ere now, you have my 
proof. What you say has much surprised me. I thought the dif- 
ference between us was merely one of taste, and am quite at a loss to 
understand your calling my expression 'found it was' not English. 
If you object merely to the omission of 'that/ the difference is unim- 
portant and you may insert the word. Good writers iand grammar- 
ians use both forms and allow both. If you object to 'found,' you 
may substitute 'discovered' or 'learned.' This difference is quite im- 
material. I think 'found* as good as either. But, I take it, your ob- 
jection is to the use of the word 'was,' instead 0/ 'to be;' otherwise 
you would not have marked the proof at that word. Taking this 
ground, I must dispute the accuracy of your condemnation of my 
word. You do not name your authority. I wish you had done so. 
I am not now engaged in teaching and many of my books are not 
accessible, but I wish to ask your consideration of the following four 
points : 

First. This form is used in scores of expressions in every day life, 
which can hardly be condemned, and condemnation of which would 
be useless in the face of Horace's line, "Usus quem penes arbitrium est 
et jus et norma loquendi." Ex. — I found it was. raining. I saw it 
was he. We found — saw — felt — knew it was impossible to go farther. 

Second. I have not access to grammarians or their works to any 
great extent, but G. P. Marsh says : "We have in English a remark- 
able construction, borrowed probably from the Latin, by which, in a 
dependent proposition, the objective with the infinitive is put for the 
nominative with the finite verb. Thus: *I think him to be a man of 
talents,' instead of *I think he is a man of talents.' Now, awkward 
as this is, its meaning is unequivocal. 

Third. The expression is used by classic English writers. 
'I think our work is well beg^n, 
I think *t will prove a Warden raw?" — Scott. 

'As we made our way through the crowd I perceived we brought 
good humor with us' — Goldsmith. 

'Tell him he hath made a match.' — Henry V. 

'Eve, now I see thou art exact of taste.' — Milton. 

Fourth. The difficulty of avoiding the construction is shown by 
the following sentence, extracted from your card of this evening: 
'We cannot consent to the use of 'found it was,' which I find * * * 
is not English.' 



"T am always glad to be informed of errors in what I write. I am 
as liable to them as others, but I want satisfactory evidence of them, 
which you must admit is reasonable. 

"With kind regards, Yours very truly. 

"E. W. CLAYPOLE." 
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2. "Those refined and gentle manners which are the ex- 
pression of fixed habits of thought.'* Who would need to look 
beyond the beaming countenance and the general bearing of 
the man to get an affirmative reply to any question of the appli- 
cation of this qualification to Edward Claypole? The manu- 
scripts which he left unpublished fully attest the well formed 
habit of thinking. 

3. "The power and habit of re/lection,'* This describes his 
method of attacking ever\' problem and marks the very pivot 
of his career. One is forcibly struck with the permanent value 
of all that he has published. It will stand because it is the re- 
sult of careful reflection. 

4. *'The pozifcr of intellectual growth/' If we study the 
development of any great man minutely we shall not fail to dis- 
cern, in later life, a power to use past experience and past 
learning as tools for greater and more rapid conquests. It was 
the constant intellectual growth of this man which enabled him 
with the little time and few opportunities at his command, to 
gain an understanding of the structure and geologic history of 
California mountain ranges which was most remarkable. His 
address upon this subject one year ago before the Geological 
Section of the Southern California Academy of Sciences, in 
Los Angeles, and his paper read before the Cordilleran Section 
of the Geological Society of America, December, 1900, in 
San Francisco, amply bear out this statement. 

5. "Efficacy, the pozver to do." What has already been 
told of his scientific work is more than enough to prove his 
fitness here; but it is far from the just estimate of his worth 
and deeds. 

There are otner aspects of the man as a scientist which 
have not yet been touched ; the subject is too broad for more 
than hasty generalization, but it is very difficult to condense 
the facts within proper limits. 

Many friends have remarked the general resemblance of 
his projecting brow and deep-set eyes to those features in 
the countenance of Darwin, although the nose and smile on the 
lips were characteristically his own. In some respects his 
physic^omy was not unlike Joseph LeConte*s, his warm 
friend, in whose life there was much to parallel his own. 

In the winter of 1900, Dr. Qaypole went to visit LcConte. 
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on rtie occasion of the meeting of the Cordilleran Section 
mentioned before. He asked me if I could not join him; re- 
marking that it would probably be the last opportunity to 
meet our friend m this life. There had been cherished inci- 
dents in which the loving kindness of both these great men 
had endeared them to me, and it was hard to be obliged to de- 
cline the invitatiAi. But how little did we then realize that 
so soon one would hie him in full harness, for the last time, 
to the scenes of his early labors, and the other, only resting 
a little in the midst of his life work, would start out to meet 
him and return not at roll-call here. 

I saw Dr. Claypole after his meeting with LeConte and 
was more than ever impressed with the close relation of the 
two men in character and life-work. 

Versatility in men of average caliber usually betokens 
weakness, but there are great minds which can be broad. It 
was impossible for Dr. Claypole to be narrow in any sense. 
His culture was so comprehensive as to fit him to grasp wide 
and diverse problems and to bring them into hamiony with the 
one idea of the **unity and universality of law''. It was this 
principle animating his whole being and outcropping incessant- 
ly in his life work, which made him chafe under artificial re- 
strictions. Hence we find him reaching out, not blindly, but 
fearlessly, into pa^hs which led beyond the boundaries of 
geolog\', strictly so-called. This was his recreation, simply a 
change of work, but probably tco little removed from his 
regular pursuits to avail in prolonging life. 

Thus, he made valuable contributions, at times, to ento- 
mologicaJ, microscopical and horticultural societies, and his 
notes on botany and meteorology possess peculiar value. 

For some reason which is not now apparent, the year 
1885 was marked by great activity in the lecture field. He 
had worked off the bulk of his material gathered on the 
Pennsylvania survey and his palaeontological studies in the 
Ohio Devonian were not fairly begun. Probably need of 
rest and inability to rest except by change of work, impelled 
him to this course. Consequently there are manuscripts left 
in his library whose titles cannot appear in the bibliography, 
but which must have aflPorded rare treats to those who heard 
them as lectures. While mostly on literary subjects, they are 
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scientifically put together and they clearly indicate the source 
of the perspicuous language employed in aJl Dr. Qaypole's 
scientific writings. 

Some of the titles of these completed manuscripts are here 
given : — 

King Lear. (Not read, but a most excellent review.) 
History of the Flay of Hamlet. (A remarkable piece of work.) 
The English of Hamlet. Shakespeare Club. Buthtel College, 1883 ; 
(A masterful analysts). 

Fossil Teachers. School meeting of Summit & Portage Co.'s, at 
.\kron, O.. Oct. 1, 1885. 

"These arc the fossil teachers. They are very interesting speci- 
mens — very valuable tor the museum. It is very instructive to meet 
with them and talk to them and find out how may things were done 
years ago, II is very entertaining to hear their objections to new 
methods and subjects, and to sec how stereotyped it is possible 10 be- 
come, how antiquated a man may be without knowing or suspecting it. 
But however entertaining and amusing such characters may be they 
are not the teachers for the present day." 

"In fact, the self improvement of the teacher is the key to his 
own progress and to the progress of his pupils." 

The Cyclone and the Weather,— (Uncertain date.) 
(Dr. C.'s daughter relates an interesting incident illustrating his 
keen sense of the duty of recording observations of natural phenom- 
ena. After the siorm he rushed home and upon meeting his children, 
he excitedly exclaimed ''Did you read the barometer?") 

Slovenly work : — Read at the meeting of the Ohio College Assoc- 
iation at Cleveland, O., December, 1885. 

"Too much classic reading is required and too little classic knowl- 
edge : 100 many pages of mathematical books and loo little mathemat- 
ics ; too much Chambers and Taine and Hgrt and Berttllion, and 
too little English Literature and English Grammar; too much Huxley 
and Martin and Youmans and loo little cray-lish and butterfly and 
bird." 

"I may be mistaken, I may be fanatical in some points, but it 
you doubt all the rest I have said, if you dispute my prenii?^cs and deny 
my conclusions, yet let me commend the central thought of this essay 
to at least careful consideration : 'Less work better done.' " 

The Firmament of Genesis. (Date unknown). (A full presen- 
tation of the argument against literal interpretation of scripture, 
evincing a remarkable familiarity with Hebrew. 

Geology and Theology. (An essay of convincing logic without 
acerbity.) 

-Oil the leaching of Geology, Read licfore Ohio College Assoc- 

) constancy and 
t' muwcri'iiig constancy, its inevitable 
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certainty. Could the public mind be fairly tinctured with this spirit 
in vain would quacks and charlatans parade their efforts to catch its 
ear. 

"To one accustomed to narrow views especially on the subject 
of time, it is a revelation to contemplate the almost endless, or, rather, 
beginningless periods with which geology deals. As astronomy en- 
ables the eye to penetrate distances before unconceived and strength- 
ens the mind to burst through imaginary' barriers hitherto erected to 
space, so geology gives us the power of looking back over aeons of time 
that almost surpass our previous conception of eternity and enables 
us to revel in a wealth cf duration equal to that of extent as re- 
vealed by the telescope." 

Immigrants. (A beautiful specimen of his popular work, ex- 
tremely interesting without sacrifice of one iota of scientific accuracy.) 

Cause of the Last War of Granada. (Full of Meat.) 

The Story of Louis Napoleon. (A Charming Essay.) 

Mud Run. (Uncertain date.) 

Ancient Lake at Old Portage, Ohio. (Date of publication un- 
known.) 

Another list of titles taken from the volumes of classi- 
fied notes on his shelves, forms the pabulum of lectures not 
written out in full, illustrating the range of his investigations 
for such purpose. 

He was by training and by circumstances, all his life, a 
teacher. Learned as he was, endowed by nature, and equipped 
through earnest study, his instruction could not but be of the 
quality best adapted to entice and stimulate his students to do 
their best, and in doing it to come into close touch with the 
inner nature of the man. His great career as geologist was 
not the one glory of his life, for his record as teacher wa^ 
equally exalted, and above all, his manhood shone forth sub- 
lime. 

From the pen, as from the heart, of an active and honored 
American geologist came these words upon learning of his 
death, — "Many of the best scientific men of the United States 
received their early training and inspiration at the hands of 
Dr. Claypole." And so I trust the lack of completeness in 
this biography, a slight return for gracious favors received at 
his hands, may be overcome by the contemplation of what he 
must have been to many others. 
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EDWARD WALLER CLAYPOLE AS A TEACHER. 



It is my purpose to speak of professor Claypole's great 
powers as a teaclier, and of the wonderful influence for f^ood 
that he has exercised in the lives of young people with who n he 
has come in contact. 

What I have to say must of course be drawn largely from 
niy own experience as one of his pupils. You will therefore, 
pardon. I hope, a brief mention of my educational Iiistory 
which has no interest save as it illustrates the strong influence 
that he almost unconsciously exercised over his pupils. More- 
over, my experience, I am sure, was much the same as 
that of others of my classmates, for our individual opinions 
were sing^ilarly unanimous on all points that concerned pro- 
fessor CI ay pole. 

I also feel very sure tliat there are many pupils in this 
Institute who already recognize the influence he has had in 
their lives, and who already value it highly. They will cer- 
tainly value this influence the more as they grow elder and 
find how unfortunately rare such men as professor Claypole 
are in the world. 

As I look back over my school days in college and out, 
three of my teachers stand out from the others as men of great 
force of character, as men who stood high in their chosen lield 
of knowledge, and as men who inspired enthusiasm for work 
in those with whom they came in contact, in short they were 
great teachers. Of these the first in point of time was Profes- 
sor ClayjNjle, he was also first in the amount of influence that 
he had over me, and in the love that he inspired. 

I entered the preparatory department of Antioch College, 
not because I wanted to go to school, but as the result of a 
truce with my mother who was sincerely anxious that I should 
gain a college education. A ccHnpromise was finally arranged, 
by which school work was to continue until the entrance ex- 
aminations for some collie had been passed, when further 
education wnuk! ]n- '.iiiti\Jiial with myself. Thi.- three years of 
study thai la_\- bcJot g jpp j cemcd lo extend into a far distant 
future. The fJBtkjM^^Hdtlttoch passed, leaving me happy 
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that one-third of the task had been accomplished. I still felt no 
need of a college education. During that year, however, there 
was a great deal of enthusiasm among the older students about 
professor Claypole, who was alDsent, and one often heard re- 
gret expressed that he was away from the college. Upon la- 
menting the hard position, as an illustration of the perversity 
of fate, that one who did not want to go to school was obliged 
to go, while there were many anxious to go who could not, a 
friend replied: "Wait until professor Claypole returns, and 
then you will want to go to school ; he will make you work and 
you will not know it.'' 

The first meeting of the class in lx)tany under professor 
Clayi>ole was a complete surprise. A few simple home-made 
instruments were produced, which we were asked to duplicate 
for ourselves, and each was to come next time with the instru- 
ments which he had made, and a few blossoms of a simple 
flower which could easily be obtained. The studv of tetany 
began with the study of a plant and not a book. Some of ycu 
no doubt are thinking *'all this is natural enough/' and in the 
present day, so it is, but we must not forget that it has taken 
splendid work of a few pioneers like professor Claypole to con- 
vince us of it. 

Soon we became very much interested in this new work. 
Our youthful enthusiasm and surprise at the many things we 
saw were never repressed, but were met with his ever kindly 
smile and carefully directed into useful channels. My first 
realization that a change w^as coming over me arose from a 
new attitude towards Saturdays. Heretofore this day had 
been looked forward to as a respite from tedious routine, a 
day to be spent in fishing, in nutting, and in other ways that 
the healthy boy has at command. Rut soon after the study 
of botany began it appeared that Saturday vyas a splendid day 
to go to the laboratory and have an uninterrupted time with 
plant and microscopes: or it proved the very day needed to 
make a long trip after some particular specimen, or to settle 
a disputed point that had arisen in the class room during the 
week. There was no more time that needed killing. 

A Saturday that could be spent on an excursion in com])any 
with professor Claypole himself, was one to be looked forward 
to and long afterward remembered by the whole class. The 
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stones and every living thing seemed to extend hands to i:s in 
welcome; they actually seemed to thrust themselves upon our 
attention and to whisper their secrets into our ears. Even 
the old familiar swimming hole was made to yield new and 
surprising facts to our wondering minds. 

By tlie end of the first term I foresaw that I might yet be 
willing to go to college. 

Til the next term there was a class in minerak^y and an- 
other in chemistry under professor Claypole, and in the follow- 
ing term he had classes in zoology and in Latin, all of which I 
attended. My interest and enthusiasm grew continually and, 
by the end of the year, a miracle had happened, for I studied 
Latin with pleasure. 

One morning professor Claypole came into the mineralogy 
class with a fragment of labradorite which he had just found. 
It was the first specimen of this mineral found in that locality, 
it being farther south than its usual occurrence. The ques- 
tion as to how it came to be there followed naturally enough, 
then came a discussion of the transportation of stones by gla- 
ciers, and this one was made to give an affirmative answer to 
the question : Did the glacier ever extend as far south as An- 
tioch college? 

All became very much interested in the stone that had so- 
much to say to us. Finally the professor said that he had 
broken that piece from a much larger stone, and he would be 
interested to see who would bring in anotlier part of t'.'c same 
stone. Where it was to be found was for us to discover. 
This was a challenge to our powers of observation that all 
were alert to accept, but although every one was constantly on 
the lookout for labradorite, no •ne found the coveted specimen. 
Near the end of the term professor Claypole asked if any had 
succeeded, but none could report the discovery. He then asked 
if we had not observed the bouldtT at the college sii^e. We all 
knew of this, for we had passed it three or four times daily, but 
that was all; none of us knew that it was the much looked for 
labradorile. Then came his pleasant laugh at our confusion. 
When he found the labradorite himself he brought the boulder 
home and placed it there, with the freshly broken side to the 
ground, So as iiol l'> esjieeially ;Utract our attention that he 
might ascertain how thoroughly we saw the things about us. 
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There was a moral here that he never put into words, but we all 
understood it. It was one that his whole life emphasized: 
"See and understand the things nearest you." 

Our course in zoology developed largely into a course in 
comparative osteology. When we became familiar with the 
fact that the frame work of most animals was made after one 
plan, and then began to study the variations in that frame- 
work in different animals, variations that came about as re- 
sults of different habits, and to meet the needs of different en- 
vironments, the whole class became intensely interested in the 
work. 

I remember going home to the farm that svmimer fully 
resolved to return the following autumn with many new skele- 
tons for the college museum. 

It was certainly something new for a hoy who had never 
exhibited keen interest in anything, and who had a solid and 
well deserved reputation for laziness, to be found staying* up 
into the night, time and again, after days spent in the harvest 
field, to prepare the skeletons of animals that he had caught; 
and for this same bov who had alwavs hated school, to be 
anxiously looking forward to the opening of another college 
year. The home folks were very much impressed with this 
change, and so indeed were the neighbors, some of whom shook 
their heads in doubt concerning the future of one so erratic 
and vacillating. 

Rut, alas, owing to financial troubles, Antioch college tem- 
porarily closed its doors, an occurrence that a year earlier I 
should have viewed with considerable satisfaction, but which, 
coming when it did, seemed to me a terrible calamity. , 

Professor Claypole went to Pennsylvania to take up work 
in connection with the geological survey of the state, and I 
never again was able to profit by his instruction. 

That one year brought about a complete change in my at- 
titude toward an education, a complete change in my ideas as 
to what an education meant, and professor Claypole alone 
was responsible for it. It is no wonder then, that I have al- 
ways felt that here was a debt I could not pav ; and that he» 
to a greater extent than any one person, marked out for me my 
life work. 

Professor Clay pole's great power as a teacher did not rest 
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on the occasional pupil that he waked up from a lethargy of in- 
attention and lack of interest, but upon the fact that he came 
nearer to producing this^esult in all his pupils than any other 
teacher that I have ever known. I have never seen in anv other 
classes such a universal desire of the students to do the verv 
best work of which they were capable. 

How was this influence exercised? Certainly it was not 
the result of conscious effort upon his part. It was a part of his 
nature. 

Although, as I have said, he completely revolutionized my 
ideas as to an education, I do not remember to have heard him 
say a word upon the subject of education, he never made any 
attempt to point out the advantages of an education, or the 
disadvantages of being without one. In fact the advantages 
and disadvantages, as these terms are commonly understood, 
concerned him but little. He did not care for an education as 
a means of personal advancement. I have rarely seen one 
with so little of the self-seeking element in his character. 

He did have the keenest interest in all things, and an all- 
consuming desire to know this world in which we live. This 
interest was so intense and so genuine that it was contagious, 
the vereist clod of a boy could not long remain in contact with 
it without becoming to a certain extent inspired by it ; and 
even the stupid soon became less stupid in his presence. 

Added to this was one of the kindliest and most lovable of 
natures. I do not remembei to have ever heard from professor 
Clay pole a reprimand or cutting remark intended to hurt the 
feelings of a pupil. Errors and youthful indiscretions of 
course there were, but these were corrected in a way that made 
us all fell that next time we should do better, if such a thing 
were possible. We worked because our interest in the subject 
had been aroused and no matter how interested we became, 
we found that our teacher was more interested, no matter 
how bard we were willing to work, we found that he was will- 
ing to work harder. 

He led us, he never drove us. He was always before us, 
never behind us. We were guided by example, not by precept, 
He apparently took the greatest interest in the work and suc- 
cess of each, and was ready, not to answer our questions, but 
show us bow to ask our questions of nature herself 

answer them. 
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With nothing of the self seeking in his own nature, it is 
not surprising that he should never appeal to that element in 
the nature of his pupils. Good work was always rewarded hy 
encouragement, but never by praise, and never by an intimation 
that it was a little better tha^i the work of another. 

We all knew that in him we would always have a sympa- 
thetic friend who was always easily approached ; there was na 
false dignity, that device of small souls that fear their small- 
ness will be discovered, to keep us at a distance. 

He was the most even tempered of men, always kindly, 
sympathetic, genuine; shams of all kinds were foreign to his 
nature. He nad that never failing quality of true greatness, 
a delightfully simple, unassuming nature. These traits were 
so apparent that the least observing of us all saw them and 
loved him for them. 

He did not live in the past, nor yet the future, but he 
lived in the present. The duties of each moment occupied that 
moment. The thing at hand and the present opportunities 
were for him the most important. No other time and no ^ »ther 
opportunities were to be compared with the present time and 
the present opportunity. One did not need to be long with him 
to realize that the center of the universe was right where he 
stood. 

I have often marveled at the wonderful display of natural 
phenomena, and the wonderful richness in plant and animal life 
of the country immediately surrounding Antioch College. I 
am very sure that I have never seen so much of interest any- 
where else. Yet the country was not, after all, peculiar in this 
respect, it was simply that we had professor Claypole there 
to open our eyes for us. 

It was, of course, inevitable that he should love California. 
When I saw him here two years ago he was perfectly hai.»py, 
his only care being for the health and strength of her he 
loved most. He spent much of the time opening my eyes to 
the wonderful beauties of nature in and about Pasadena. I 
feel very sure that the people who have known him there, have 
learned of many new -and before undreamed of interests that 
surround them, they have found Pasadena more attractive, and 
better worth living in than before they knew him. 

When I learned that he was to live in California mv first 
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thought was that California will be more than ever worth liv- 
ing in, she will take on new charms for all of us who can come 
in contact with professor Qaypole. 

Indeed so well developed was this lovable trait of seeing 
the best in all things that I truly believe he would have been 
entirely happy in the midst of the dreariest desert, could be 
have had his loved ones with him; and there he would have 
seen beauty and found the material from which to learn na- 
ture's laws; and the traveler who passed his way would have 
found an oasis under his feet. 

He would have said with Agassiz that "he had no time to 
make money". In this beautiful world he did not covet power 
or wealth, — wealth that costs too much." 

I have never known another whose every trait so univer- 
sally called forth love and admiration. 



EDWARD CLAYPOLE-THE MAN 

By Db. Norman Bridob, President of the Board of Trtisteet, Throop Institnte, 

Pasadena, California. 

There is no other lesson in all the universe which trans- 
cends that of a human life. This is a primal truth notwith- 
standing the fact that the history of no human life is ever com- 
pletely told. Whether we know the whole or part matters lit- 
tle, so long as we see the lesson. 

The careers of men are largely determined by accident, 
and the fates of environment. Opportunity has made some 
mediocre men great in the pageantry of the world ; while some 
of the greatest of all time have led quiet and unblazoned lives 
for want of some accident that let them win a battle or be one 
out of a score of students to find the epoch truth they all were 
groping after and knew must be near. Thus many of the 
estimates of history are inadequate or wrong. 

It is the character of a man that measures him and by 
which his value to his kind is finally told. And this is the qual- 
ity that is first bom to him, and then must grow and ripen 
and be hammered by the work and impediments of his life. It 
is these that fix every man's place somewhere in the equations 
of the race. 
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While a man lives his character and career are in the mak- 
ing. The final estimate can never be made in life, for until its 
end the evidence is never quite all in. Death alone permits the 
case to be closed and submitted to the judgment of history. 
History is said to grow calm and judicial by time; it also 
may g^w hazy and unfair. It fixes on the more tangible facts 
of a man's career like his battles, his campaigns or his recorded 
acts, and deals more or less justly with them. But it often 
misses the best part of him, which is his character and work in 
the unturbulent calm of life, as these affect men and women 
about him, and mould and change them, and even create their 
careers for them. . 

Who most has influenced the lives of others ? What lives 
so affected have most changed the careers of still others ? The 
answers to these questions reveal the real place of a man in 
society. 

Professor Claypole's life comprised a volume of numerous 
lessons and many kinds of instruction. 

Bom in England and coming down from a line of 
superior people and scholars on both sides of his family, he 
inherited a love of learning and a disposition to study and wis- 
dom. His father and paternal grandfather were Baptist cler- 
gymen and fine classical scholars, and his own taste was nat- 
urally toward the classics and literature. But in his childhood 
some cultivated women, sisters of his remarkable mother, look 
him out into the fields and showed him some of the beauties 
and possibilities of botany and geology, and his enthusiasm 
was instantly aroused. Here was an opportunity to study 
things, not merely the writings about things and thoughts; 
and the taste then created continued through life ; it determined 
his career and made of him a great teacher and an authority on 
science. 

He was a voracious reader and student, a devourer of 
encyclopedias and all manner of the strongest books, even in 
childhood. Taken once to a lecture on astronomy at eleven 
years of age he startled his family on reaching home by cor- 
recting the lecturer as to some of his facts and figures, and 
did it from memory of what he had read unknown to his elders. 

In pursuit of his education he met with difficulties. His 
clerical ancestors were dissenters from the established church. 



32 The American Geologist. J*naary, 1902. 

For this reason none of the teaching universities in all England 
was open to him, lack of means made it impossible for him to 
go to Scotland where he would have been admitted, or to at- 
tend any of the fitting schools in England. So with his fa- 
ther's aid and his own efforts he fitted himself for and accom- 
plished matriculation at the University of London, which is an 
examining body, not a teaching one, and was founded spec- 
ially for dissenters. But now because he had been prepared by 
private study instead of at some of the accredited schools, 
further advancement was impossible and he had to wait for 
some years until in 1859 the University modified its rules 
and admitted students who were prepared by any school or by 
any means to take its examination and gave degrees to those 
who had earned them. Then he took there three degrees in 
succession, B. A. in 1862, B. Sc. 1864, ^^^ I^- Sc. 1888. 

Teaching was his profession and he taught all his working 
life except two years when he was on the geological survey of 
Pennsylvania. For .nearly a third of a century he taught in 
collegiate institutions. He taught many things, nearly the 
whole curriculum of an ordinary college at different times, 
and everything with equal facility, but his specialty was 
the natural sciences and particularly geology. His first am- 
bition was to be a civil engineer, not a teacher. He might have 
made a good engineer, but it is certain that he was a teacher 
born, as truly as men are born gentlemen or geniuses. To his 
inborn powers he added the highest development of studied 
excellence. 

The refinement of his art in this sort was founded on his 
erudition, which was enormous ; on his enthusiasm for scienti- 
fic truth ; on his great manual dexterity ; on a remarkable gift 
of extempore drawing that made it easy and interesting for 
him to illustrate his work, and especially on the grace of his 
|>ersonality and the terse and beautiful way in which he said 
things without verbiage or cant. His interest in the studies 
was so genuine that it was infectious to his students. Whether 
in pursuit of some investigation, or over a problem, or doing 
a manipulation, his patience was limitless. This quality was 
impressive to his students as it was to his colleagues. Then 
in all his earlier years he was a leader among fhe boys in out 
of door sports, a tiling that is always a bond between teacher 
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and students. But he had no sympathy with organized college 
sports, and always doubted their ultimate value. 

Pupils under him lost respect for themselves in poor work 
and bad purposes; and those of them who were worth saving 
to an intellectual life became inspired to do the best that was 
in them. More than that, they acquired his methods of 
thought and reasoning; his mental habits became theirs, and . 
they have gone out to transmit these traits and impulses; to 
others and these still to others, and so on in a chain of influence • 
that always exalts, and whereof no man knows the end. 

In his treatment of students he was gentleness itself. On- 
ly poor work and dishonesty could rouse him to severity. He 
would go to any length to help a sincere student in genuine 
work; but would never yield an inch in his standard to let 
even such a student through his finals. He expected the best 
of every student and usually got it. Years ago there was once 
some formal criticism by his colleagues of his methods of teach- 
ing, but the classes of his critics were small while his were 
large. The trouble was that his fucid, realistic and practical 
way of presenting his subject drew pupils ; the very thing that 
the modem university bids for. 

Of a race of dissenting Baptists it was natural that he 
should find occupation as a teacher in a Baptist college. It 
was a college for the education of ministers, a theological 
school in which he taught for several years. Strange that the 
theological basis there should have been such that teaching the 
simple truths of the classics and science in a broad and manly 
way. would unsettle young men for the business of the minis- 
try ! Yet it did this and, of course, the teacher had to go. And 
when he wished to teach in a college in Wales and could not * 
subscribe to its theology he was not accepted. At this time there 
was not a college in England where he could teach, and to the 
Presbyterian colleges of Scotland he would have been equally 
unacceptable. 

Then like the pilgrims of more than two 'centuries before, 
and for similar reasons, he came to America where there must, 
he thought, be liberty to teach the truth freely. But here 
he met with some disapix)intments of the sort he had encoun- 
tered in England. It was his failing, if failing it is. that he 
must teach the truth as he saw it. His loyalty to the truth — 
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tlic fact proven — was like a religion to him. Evolution to him 
was the way in wliich the purposes of Providence are worked 
out. to renounce it would be irreligious. 

His sacrifices for his loyalty to truth had recompense at 
last ; for he lived to see the doctrine of evolution defended by 
theologians, and Darwin acknowledged to have made the 
greatest contribution to thought of the just ended century. 
Tl:e metamorphosis had been as radical as that from the 
witchcraft laws of Massachusetts of old, to those of the Com- 
monwealth of today. He lived to see Oxford and Cambridge 
accept dissenting students without signing the 39 articles; or 
swearing that the Queen was the head of the church ; to see 
the University of London open its doors to women (his own 
wife having taken high honors there) and extend its degrees 
to any student who could pass its examinations. He had 
declined to come up for his doctor's degree as-long as an exam- 
ination for which one could cram was required ; he could have 
crammed for it easily, but he believed this degree should be 
given for original work only ; and finally, long after he had 
come to America, the University came to his way of thinking, 
and then he crossed the ocean and, on the strength of his 
original work on the geology of Pennsylvania and Ohio, re- 
ceived the degree of doctor of science. 

As a scholar he was exact and accurate; he hewed to the 
tine as though by instinct. He did not try to remember 
everything, but he tried first to understand everything he read 
or considered, and then as a matter of fact he did remember 
nearly everything, and he could usually at a moment's notice 
iay his hands on any fact or reference he needed. 

As a scientist speaking to the world he was slow and pains- 
taking lest he might send forth an immature message. It 
was modesty and self-effacement as well as love of truth that 
4ed to this, a want that has tempted men to rush into print with 
uproven facts and lame theories. He had a great aversion for 
unpondered declarations and unverified science. This led him 
to a degree of scrupulosity that probably retarded his publica- 
tions and restricted his fame : but it could not lessen his worth. 
Tlie fame of the hour and especially the plaudits of the un- 
thinking had the least possible charm fcr him. To cater to 
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$«ch things wittingly would have been a degradation of his 
self respect. 

In spite of his caution, his contributions to knowledge were 
large. They did not take the form of books, but were mostly 
articles contributed to numerous scientific journals, proceed- 
ings of learned societies and official reports published by gov- 
ernment. Their number mounted into the hundreds and cov- 
ered not only geology in which he was most interested, but 
many fields of science besides, as well as literature and general 
learning. What a labor is represented in all this writing and 
revision! What erudition and studv it stands for. Yet it 
only expressed the work of his mind and hand as it came along 
day by day. For him to attempt to write a great paper mere- 
ly to astonish the world was unthinkable. He wrote when in 
his investigations or those of others a word came to him that 
demanded utterance. And his investigations were going on 
constantly. Tlie new theories and principles which he pro- 
mulgated were mostly fated to stand. There was a shower 
of opposition and argument against some of them ; but the 
final verdict of science has confirmed him in almost every in- 
stance. 

He began in youth the habit of writing for serial publica- 
tions. When he Was but 17 he was with a brother editing and 
publishing a student's paper called The Home Journal. It 
appeared monthly, and the edition was usually limited to one 
copy, and was not printed, but written by his own precise hand, 
and illuminated by drawings as i>erfect as a modern litho- 
graph. These last gave promise of the fine drawings that 
later illustrated his scientific papers. It was contributed to 
by his several brothers and himself, and was not filled with 
student gossip, jokes and editorials on the way to run a col- 
lege, but with strong articles on science and literature, as e. g. : 
**The Rise and Progress of Language," "The Causes that Led 
to the Restoration of Charles II.,'' "The Attraction of Gravi- 
tation." and "Conscience." The articles all show painstak- 
ing care and extensive study. 

His taste for serious journalism continued through life and 
he wrote extensively for scientific periodicals, especially those 
devoted to geology. He was one of the founders, and al- 
ways one of the editors, of the American Geologist, begun in 
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1888, and wrote for it a large number of articles, reviews and 
criticisms. 

It was his fortune to have made in 1884 i" Perry county, 
Pennsylvania, the discovery of a new genus (two species) of 
fossil fishes in the Silurian rocks at a lower level than any fish 
remains had been found before. These were as he then said 
the **oldest indisputable vertebrate animals which the wcrld has 
yet seen." He worked out the specimens and the subject v»ith 
great labor and patience and named the species Palaca^pis 
amcricana and P. bitruncata. Although his position about 
this discovery was controverted by many experts at the time, 
it has never been shaken in the least from that day to this. 

The personal demeanor of this man was so superior and re- 
fined as to be a model for every man and the envy of most 
of them. He was always gentle, never intense save when con- 
fronted by untruth and dishonor. He was non-combative yet 
keenly enjoyed discussion; if he was injured or felt himself to 
be, he was silent. He would discuss but never contend, unless 
it was for some vital principle or against what he thought 
an injustice; and he never lost his temper or his patience. 
Thereby he could always lift a heated debate out of perso»jali- 
ties and into dignified discussion. He had an abiding love of 
justice and would struggle for it, but always with diginty. 
When a decision rested with himself his judicial sense stood 
so erect that it would sometimes tip backward. This was the 
case especially when he had or could have any personal in-* 
terest in the decision. If his own children were in his classes 
he held them to a severer rule than the rest of the students. 
With what he regarded as public or private wrong he could 
never compromise in the smallest degree. Like most of the 
great reformers he never learned that much of the best prog- 
ress of the world comes as a matter of compromise. Because 
there was corrupticfh in p)olitics he could rarely be induced to 
go to the polls to vote. 

He enjoyed exercise and work. His fire-wood he Ixinght 
in large sticks so that he could have the exercise of sawing 
and splitting it. Ills book-cases were mostly made with his 
own hands, and he bound crcditablv many of his numcr 41s 
volumes of pcTiodicals. (ieologist and l)otanist that he nas, 
he enjoyed trampin«j^ n\ cr llic couiUry and his students fro- 
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quently went with him to their delight and benefit. But 
sometimes his tramps were too much for them, and once they 
determined that they would tire him out. So several of the 
strongest of them planned a journey with him for this pur- 
pose. They had saved their strength beforehand and thought 
they were sure of victory, but ctie by one they fell out of the 
squad, and the last one to give up came back and reported 
that the professor had disappeared over the hill with a step as 
clastic as that of a boy. 

His conversation was full of good fellowship, never lasp- 
ing or aggressive. He had little small talk. He had none of 
the qualify of the Bohemian, but he was a good companion, 
best always for the thoughtful and seekers after knowledge. 
He rarely laughed loudly, but as he spoke a smile often played 
uf)on his countenance, a smile whose charm could not be sur- 
passed, for it shone with refinement and intelligence. It was 
the smile of the cultivated Englishman ; it never rose to the 
wide-open laughter of those who are quick to grasp American 
jokes : and he never came to appreciate these as the natives do. 

His nature was a serious one always, and he probably 
failed of some solace that might have come to him had he been 
able to appreciate fully the jests, hyperbole, irony and satire 
of this country. But he also lacked the intensity and inten>- 
perance in thought, speech and action, that make so many 
native Americans need these aids to balance their moods. It 
must hot be understood that he was devoid of humOr. He had 
humor, but it was rather as an infrequent and subtle surprise 
and so the more enjoyable to the few to whom it ever came. 

If he needed any balancing emotion it was for a cerrain 
intensity of feeling that was known only to his very intimates. 
This appeared at times in a degree of melancholy shown in deep 
and unspoken grief at the premature close of a career, or of a 
life at the threshold of its usefulness. Calamities within his 
own household put him to severe tests of this kind. As the 
deepest waters run still so his intensest feelings were com- 
pletely hidden from the world in general. 

All of nature's sounds were meaningful to him. The birds 
and the insects made music that he knew of, and it was 
harmony. But of man's artificial harmonies the science onlv 
concerned him. He knew and was interested in the sound 
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that each pipe or string of an instrument made, and why and 
how, and why the tones harmonized with each other or failed 
to do so. But music was no pleasure to him. Yet his own 
voice was melody. No one who knew him ever heard a man's 
voice that was more musical, and no one of us ever heard it 
raised in anger or discord. The knowledge seekers not only 
found his voice beautiful, but doubly charming l>ecau=e always 
laden with wisdom ; and after they had listened for an hour 
to his conversation on various subjects in a flow as easy and 
modest as ever heard^ as fresh as a zephyr from the mountains, 
and in language so concise and pure tliat it would do to |>rint 
exactly as uttered and for the perfected literature of our 
speech, they went away feeling that somehow they had been 
with a sage of the centuries. They actually experienced one 
of the psychological miracles by acquiring as their own s^nne 
of his perspective grasp. He had calmed their nervous tension 
and made them look for and see things with a more certain and 
consciously certain vision. The effect was comp)arable to the in- 
fluence of General Grant on his soldiers before cue of the bat- 
tles in Virginia. When he simply rode down the line of the 
army and observed everything in his inimitable quiet way. 
His words were few and chiefly in the way of suggestion and 
inquiry ; not a loud word or one for mere effect, but every man 
that saw it, from being nervous and impetuous suddenly be- 
came a real soldier and examined his cartridges and arms and 
began to save his resources which before he had wasted, that 
he might be ready for the time of need. 

Prof. Claypole's tastes as the world uses the word were 
severely simple. Show and parade appealed to him but little. 
He was himself wholly incapable of either. His clothes were 
a necessity to him, so he wore them. He never had any 
pleasure in their display. He was modest and retiring in all 
his ways; and never pushed himself or preferred himself be- 
fore others. He was never a stickler for his personal rij;hts : 
therein he belied certain definitions of Englishmen. He 
would take <\n inconvenient lecture hour without a comp!:.int 
rather than a^k a colleague to make a possibly n(,'t inconven- 
ient change to accommodate him. 

Taught by liis early experiences to practice the most 
rigid economy, he continued tliis through life. His personal 
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wants were few and envy and jealousy seem to have been left 
OHt of his nature. He was not unhappy over the larger ex- 
penditure of his neighbors, except because of its someiime 
wastefulness when done for show. Had he been more agres- 
sive he doubtless might have made money by his knowledge 
of geolog>% but scientists rarely become rich, even when they 
give themselves to the work of invention. 

He was an ideal expert witness in court, for he was so 
fair and candid, so amazing in his information, and so evi- 
dently free from any impulse to air his knowledge, that judge 
and jury always believed his testimony. 

His public scientific lectures were masterpieces in sub- 
stance and style. The test of their perfection was the fact 
that those who heard them usually absorbed their substance 
and remembered them as a precious intellectual experience. 

He was apparently emoticn-blind to every sentiment of 
egoism and conceit. He did not care to be lionized or 
paraded ; he was too great to need such attentions. He 
even shunned having his photograph taken, and the best pic- 
ture of him had to be secured by a ruse. While he walked 
daily among men no one of whom was his peer in mentali- 
ty or equipment, he never betrayed to even his friends by 'vord 
or manner that he was conscious of his superiority. He was 
unselfish and unworldly, and in spirit, as guileless and exalted 
as the man of Xazareth. World famous as a man of science, 
the recipient of honors from the most famous of men, from 
governments and educational institutions throughout the 
world, he carried them all so modestly and quietly that his 
neighbors hardly knew of them. 

The purity of his personal and domestic life, his devotion 
to his own, and especially to his invalid wife, made an exam- 
ple for men and angels, for there has been nothing finer this 
side of the stars. The great truth became incarnate in him 
early that only in a life of unselfish service for others is there 
perfect peace. That life he lived ideally to the end, and it 
found him the joy that belongs to the saints. For him there 
was no far pilgrimage in search of the Holy Grail, either 
for bodv or soul. He knew it was within his reach everv hour, 
and he daily laid his hand upon it, was glad and unafraid. No 
specific act or uttered formula for the safety of his soul ever- 
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lastingly was possible for him. The whiteness of his living 
soul and the reverent rectitude of his daily life were the only 
talisman he needed or would have. 

To have come close to his great nature was a mental and 
moral inspiration, and to have known him thus was to love him 
always. To have absorbed some of his thought, and to have 
caught even a little of his spirit and mental methods, was a 
growth in intellectual stature. It was a high privilege that this 
institution, its faculty and students as well as the community at 
large, had his services and great personality for the three 
final years of his life, and in the zenith of his mental ripeness 
and power. His presence and labors have dedicated anew 
this spot to scholarship, and to that useful education in things 
and thoughts which his own life so well symbolized. 

As if to bless his final pilgrimage the three years he spent 
here were among the happiest and most peaceful of his life. 
Here he was reminded of his young life in England when he 
first had a home of his own. Here he found congenial com- 
panions and people who he said had time to stop and think. 
His life here was free from turmoil and he could do his best 
thinking. He found joy in the scenery, the mountains, the 
flowers and the foliage — especially of the pepper boughs ; and 
the unstudied fields of geolog>^ of the region oflFered him a 
hundred enticing problems. 

He had another experience here that gave him tranquil 
comfort, one that in this presence I hesitate to mention, but 
dare not omit. It was his three years of association with 
a faculty that, he many times privately said, averaged superior 
to any other he had known, in the completeness of its har- 
mony, magnanimity, and loyalty to high aims. 

This utterance that may be considered as having come to 
us here as a final benediction from hi§ vanishing hand, wafts 
back also his hope and prayer that such harmony and loyalty 
and magnanimity niay possess all faculties of instruction ev- 
erywhere, and always. 
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Structure of Teeth of Devoniark Cladodort Sharks, Proc. 
Amer. Micros. Society 
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. . Ohio State Academy of Science. Papers read at Clncimmti, 
1895. 

Whence came the Devonian Fishes of Ohio? 

A New Titanichtliys. Read at Columbus, 1896 * 

Some Recent Fossils from Cuyahoga Falls. 

An Anatomical Abnormity in the Human Hand. 

A peculiar Katydid. 

List of Butterflies found in Summit County. 

A mode of Preserving Speciitiens for Class Use. 

Notes on the Potato Root Fungus. 

Teeth of Mazodus. Proc. Amer. Micros. Society. 

On the Structure of some Palaeozoic specimens from Ohio. Proc, 
Amer. Micros. Society. 

Ancient and Modern Sharks, and the Evolution of the Class. 
Proc. Amer, Assoc. Adv. Set. Buffalo Meeting. 

Human Relics in the Drift of Ohio. American Geologist. Vol. 

xvni. 

1897. 
Microscopical Light in Geological Darkness. President's Ad- 
dress. Proc. Amer. Micros. Society. 

A new Dinicthys — Dincthys kepleri. American Geologist. 

1898. 
Paleolith and Neolith. American Geologist. 

Glacial Theories — cosmical and Terrestrial. American Geologist. 
Microscopical Light in Geological Darkness. ( Extract from Pres- 
ident's address before Micros. Society.) American Geologist. 

1900. 
Earthquake at San Jacinto, California. American Geologist. Vol. 

A White-Hot Liquid Earth and Geological Time. American Ge- 
ologist. Vol. XXV. May. 

Traquair on Silurian Fish. American Geologist. Vol. 25. 

Paper on Geology of Sierra Madre in Southern California, read 
before the Cordilleran Section, Geol. Soc. Amer.^ Dec, 1900. 

1901. 

Petroleum in California. American Geologist. 

Many other papers were read before Horticultural and Fnto- 
mological Societies. 

CHRONOLOGY 

1835 Born at Ross, Herfordshire, England, June ist. 

1847 Began teaching at Abingdon, Berkshire, England. 

1854 Matriculated, the University of London. 

1862 Received the ^degree B. A. from the University of London. 

1854 Received the degree B. Sc from the University of London. 

1865 Married to Jane Trotter of Coleford, Gloucestershire, England. 

7866 Appointed tutor in Clagsi CT. mJL Jf4ll*V"*^*^*** at Stokescroft 
College, Bristol. Englani 
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1872 Resigned position in Bristol; came to America. 

1873 Appointed Professor of Natural History at Antioch College, 
Yellow Springs, Ohio. 

1 881 Left Antioch. Appointed on staff of Second Geological Sur- 
vey of Pennsylvania. 

1883 Appointed Professor of Natural Science in Buchtel College, 
Akron, Ohio. 

1888 Received the degree D. Sc. from the University of London. 
Became one of the founders and editors of the "American Geolo- 
gist." 

i8c:8 Appointed Professor of Geology and Biology at Throop Poly- 
technic Institute, Pasadena, California. 



EDITORIAL COMMENT. 



LAKE SUPERIOR IRON ORE DEPOSITS. 

Ten years ago the iron ore mined in the Lake Superior 
region was more than one-half the total product of the United 
States. Last year (1900) from this region alone came nearly 
three-fourths (19,121,393 long tons) of the total — an amount 
which exceeds the total annual product of any foreign coun- 
try. This ore is of higher grade than the average foreign 
ore. The Lake Superior region thus stands out preeminently 
as the most important iron ore district in the world. Because 
of its importance from an economic standpoint, as well as be- 
cause of the inviting opportunities it offers for geological in- 
vestigation, this region has been a favorite field of work for the 
geological surveys of Michigan, Wisconsin and Minnesota, 
and for the United States Geological Survey. The last organi- 
zation has undertaken a detailed study of the different districts, 
first under the direction of Irving, and, after his death, under 
the direction of Van Hise. The latter is especially well quali- 
fied to write concerning these iron ore deposits, for to him is 
due in large measure the credit for the solution of the compli- 
cated problems which surround the genesis of these ore bodies 
and the geology of the districts in which they lie. It is a pleas- 
ure to know that there has just appeared from his pen a valua- 
ble summary description and comparison of the different iron 
ore districts of the Lake Superior region.* 

•The iron-ore depo««ita of the Lake Superior resrion, by C. R. Van Hisk 
2l!(t Ann. Rept. V. S. Gcol. Survey, part iii. pp. 305-4.84, pis. xlviii-Iix, 1901. 
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This paper has three chapters, the first of which contains 
a general discussion of principles. Here the stratigraphy of 
the region is outlined, and the iron-bearing formations in par- 
ticular are described. There are three rock series which con- 
tain iron horizons of importance— the Archean, the Lower Hu- 
ronian and the Upper Huronian — in each of which practically 
the same conditions favorable for the production of large ore 
bodies have existed. The general process of ore formation for 
the whole Lake Superior region is the same as that already 
described in the monographs on the Pcnokee- Gogebic and the 
Marquette districts. In brief this consists of (i) the leaching 
of the iron from older, mainly igneous, rocks and its deposition 
in a largely non-clastic sedimentary formation; (2) the rocks 
of this iron-bearing formation were originally, or have become, 
cherty carbonates; {3) circulating iiioteoric waters have dis- 
solved and carried downward this iron carbonate, and the iron 
has been precipitated as an oxide; (4) along with this precipi- 
tation and the consequent enrichment of favorable parts of the 
iron-bearing formation, replacement has also taken place, the 
siliceous part of the rocks having been removed; (5) the ore 
bodies thus formed occur in pitching troughs, the bottom and 
sides of the troughs being composed of rather impervious rock. 
The ore bodies are thus formed in and from the iron-bearing 
formation by descending waters. In this paper it is stated 
that the original rock of the iron-l)earing formation, instead 
of always being a cherty carbonate, may have had the iron in 
part in another form, such as a sulphide (pyrite) or a silicate. 

Tiie changes outlined in the last paragraph are the iionnal 
changes taking place in the iron-bearing formation near the 
surface. These changes result in the ])roduction of ore bod- 
ies and the peculiar rocks which accomjiany them, such as jas- 
pilytes, ferruginous cherts, etc. In some places, however, this 
fonnation haS been subjected to deep-seated changes, some- 
times accompanied by contact nietaniorphism, and here amphi- 
iHile-quartz-niagnetite rocks, and in extreme cases pyroxene- 
oh vine-quartz-magnetic rocks, have been produced. In such 
places no ore bodies of econcMiiic importance are known. 

The second chapter is devoted to a description of the ore 
Ixidies and the formations in which iht-y occur in the different 
districts. There art' =r\- ..t tlir^, .lislricts — the Penokee-Go- 
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gebic, the Marquette, the Crystal Falls, the Menominee, the 
Vermilion and the Mesabi. Monographs on the first three dis- 
tricts have already been published by the United States Geo- 
logical Survey, and a special folio concerning the Menominee 
district has been issued. The details of these districts are the 
same as given in the above-mentioned publications and need not 
be repeated here. There are, however, three new points which 
should be noted — (i) the naming of some of the formations 
which have not heretofore received distinct designations, (2) 
the importance of faults on the Penokee range, and (3) the 
recognition of a sedimentary iron-bearing horizon (not impor- 
tant economically, however,) in the Archean of the Marquette 
district. 

The geology of the Vermillion and Mesabi ranges has not 
been discussed in detail heretofore by the United States Geolo- 
gical Survey, and the present paper contains the results of 
much careful work in these districts. In the writing of the 
descriptions of the Vermilion and Mesabi districts Van Hise 
was assisted by Clements and Leith, respectively, who arc en- 
gaged in the preparation of monographs on these ranges. The 
results here presented concerning the stratigraphy of that 
part of Minnesota in which these ranges lie may be simimar- 
ized as follows: (i) The presence of three unconformable 
series, which in ascending order are as follows, the names in 
parentheses being those used by the Minnesota survey: the 
Archean (Lower Keewatin), the Lower Huronian (Upper 
Keewatin) and the Upper Huronian* (Animikie). (2) In 
each of these series is an iron-bearing fonnation. (3) The 
iron-bearing formation of the Vermilion range is in the Ar- 
chean (Lower Keewatin), that of the Mesabi range is in the 
Upper Huronian (Animikie), while the iron-bearing formation 
of the Lower Huronian (Upper Keewatin) contains, as far as 
known, no ore deposits of importance. The above results dif- 
fer from the earlier opinions of the geologists of the United 
States Geological Survey in two particulars. First, in the fact 
that formerly the Upper Keewatin and the Animikie were re- 
garded as one and the same series, and, second, in the fact that 
the iron-bearing fonnation of the \'ermilion range was thought 
to be of Lower Huronian age. The present recognition of a 
sedimentary iron-bearing formation unconformably below the 
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Lower Huronian ( L'pper Kecwatiii), i. c, in the Arcliean 
(Lower Keewaliii | , has necessitated a modification of the de- 
finition of the term Archcan as first proposed by \'an Hise, 
which modification has been noted in these columns.* The 
broad and important conclusions, summarized above, concern- 
ing the stratigraphy of northeasteni Minnesota arc identical 
with those reached by the Minnesota survey, and it is a subject 
for congratulation to the geologists of that survey that the 
later and more detailed work of the United States Geological 
Survey confirms their conclusions. But of much more impor- 
tance is the fact thai, because of the agreement in the conchi- 
sions of geologists who have worked in the district at different 
times and who have approached it from <lifFerent ix)ints of 
view, we can now feel assured that the correct solutions of the 
broader problems in the stratigraphy of the district have been 
reached an<l will be generally adopted. There are, however, 
certain points in jcgard to details of stratigraphy, the origin 
of certain rcx-ks and the genesis of the ore bodies, concerning 
which the conclusions reached in the present paper differ from 
the views of some of the Minnesota geologists, especially from 
those of the state geologist. 

The \'ermilliou district is one of verj' comphcated and close 
folding, and a regional cleavage is commonly present. In fact 
the geology of this district is so complicated that heretofore 
only the l>roa<lest outlines of the stratigraphy have been pre- 
sented. The ore bodies occur in, but at or near the bottom' 
of, the Soudan formation, which lies upon the Ely greenstone, 
the two constituting the essential part of the Archean. The ore 
bodies lie in troughs in the greenstone, and these bodies, as 
well as the various phases of the Soudan fonnation. are be- 
lieved to have been derived from a siliceous iron carbonate in 
the same manner as in the iron districts on the south side of 
lake Superior. 

The .\lcsabi range — the latest to be discovered and the most 
important at all — is treated in some detail. Tiie three forma- 
tions whicli constitute the l'pper Huronian in this district are 
a lower (|uart7.ytc ( I'okcgama ) fonnation, a middle or iron- 
hearing (here named I'.iwabikl fonnaliDU and an upper OT 
slate [here iiamcii \irginia) formaliim. The rocks of J 
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range dip in a gentle monocline to the south and have been 
gently folded in a direction transverse to the range. The ore bod- 
ies are mainly located in the synclines of these transverse folds, 
and consequently the long axes of most of these bodies lie 
transverse to the range. The original rock of the iron-bearing 
formation, i. e., the rock from which the ore bodies are de- 
rived, is regarded as having the iron in part as a carlx)natc and 
in part as a silicate. This silicate, which occurs in green 
granules and is termed glauconite in the Minnesota reports, is 
here stated to contain no alkalies and thus is not glauconite, but 
a ferrous silicate. The primary basis for the map of the Mesabi 
range (maps of the more important parts. of all the districts, 
except the Cr>'stal P'alls, accompany the paper) is a large 
amount of detailed work done by J. U. Sebenius under the 
direction of W. J. Olcott, superintendent of the Lake Superior 
Consolidated iron mines. 

The last chapter of this paper is a comparison and sum- 
mary, and in it the author takes occasion to speak of the quan- 
tity of iron ore available and gives rules for prospecting for 
iron ore in general and in each of the districts in particular. 

The paper is a valuable summary — a full and not a brief 
summary — of the geology of the most imix)rtant iron ore dis- 
trict in the world. Its chief theme is the genesis and relations 
of the ore bodies themselves, and as such it will prove of cs]^«*c 
ial value to those engaged in the exploitation of iron ore in the 
Lake Superior region. Papers of this character, esi>ecially 
those monographs on which this paper is based and which are 
accompanied by detailed geological maps, have done more 
than anything else to demonstrate to mining men the impor- 
tance of strictly geological work in relation to mining enter- 
prises. And it is not inappropriate to call attention to the 
facts that the work on which such papers is based is conceived 
and carried forward in the broadest sjnrit of scientific and 
theoretical (using this tenu in no disparaging sense) investi- 
gation, that the important economic results came as a direct 
consequence of this spirit, and that results of equal impor- 
tance would in all probability not have been reached had the 
work been conceived and carried forward in a strictly economic 

r. s. G. 
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REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 

The High Ptatns and their Utilisation. Willabd D. Johnson. (Ex- 

Iracl from the T we til y- first Annual Report U. S. Geol. Survey, Part 

4, Hydrography). 

This excellent paper is a thorough -going treatment of the geology, 
climate and economic aspects of the high plains. In the interpretation 
of phy. biographic forms and the elaboration of the history of the plains, 
the author has also contributed a valuable discussion of certain princi- 
ples of erosion and deirositlon under conditions of aridity. 

The term "high plains" is used to designate a welt defined sub-divi- 
.sion of the great pUins. The region so styled is a topographic unit 
consisting of an iricgular but distinct north-and-south belt in western 
Nebraska, Kansas, Oklahoma and Texas, and eastern Colorado and 
New Mexico, It is literally and by pre-eminence "the plains," as 
contrasted with the more dissected and more rapidly degrading re- 
gions on ils west and east sides. As a climatic unit the region is 
distinguslicd as sub-humid, being intermediate between the humid 
prairies on the cast, where farming without irrigation Is practicable, 
and the arid plateau on the west with its characteristic conditions of at- 
mosphere and vegetation. 

The great plateau, sloping from an altitude of five or six thousand 
feel at the foot of the Rocky mountains, nearly to sea level at the Mis- 
sissippi river, is, in the main, a rock structure, and as such is lo be 
accounted for by crustal movement ; hut a thin veneer (maximum 500 
feet), of unconsolidated Tertiary deposits lies upon its western por- 
tion. It is in the deposition and erosion of this superficial mantle that 
the climatic history of Tertiary and Quaternary time In this region is 
recorded. Mr. Johnson does not hesitate to pronounce the plains Ter- 
tiary a liuviatile deposit. '■That this is so— that the deep silt, sand and 
gravel accumuhtion is i>t fiuviatile origin — unmistakably appears upon 
detailed examination of its composition and structure." It is common- 
ly spoken of as the "Tertiary Gravels," but the great mass of its sub- 
stance is silt. Gravel and .'^and are prominent, but they do not consti- 
tute broad beds occupying definite horizons. They are, on the contrary, 
arranged in streaks which intersect like the lines of a net, but the 
meshts of this net are drawn out long In an east-west direction. These 
deposits are ci|ually abundant and equally coarse at all depths. "The 
iiujionance of the existence of gravel — even the fact of its existence — at 
all levels, has not beer generally recogniEcd." These gravels are derived 
from the harder crystalline rocks of the'eagtem slope of the Rocky 
mountains. The pebbles are worn and decrease in size with distance 
from the place of their origin. There is no admixture whatever of 
freshly contributed fKiwniM't-. -iidi jj may be found in beach gravell. 
Mr. Johnson finds :ili->nlnicly '"' BWiiMffi '"" which lo base the two- 
fold division of the ;il.-iin<. 'X^^/^KKB^t^reL Hay, into a lower 
■'Tertiary Grit" and ,i 
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In explanation of the manner in which these hundreds of thousands 
-of square miles were covered with alluvial deposit whose surface was 
an almost perfect plain at the time of its making, the author discusses 
the work of streams in an arid climate, particularly those flowing from 
mountains to plains. Such streams aggrade their channels. Their load 
is progressively dropped, not because of decreased slope, but because of 
decreased volume due mainly to percolation. Such streams yield their 
water to the ground instead of being supplied from the ground water? 
Unlike streams of humid regions which flow persistently along a cer- 
tain course, these streams habitually change their courses to adopt new 
ones at lower levels. If all the water of all the streams which built 
the great plains had issued from one canyon in the mountains, the 
plains would have the form of a very flat alluvial fan. With the waters 
issuing from the mountains at small intervals for hundreds of miles, 
the many incipient fans have coalesced into one great aggradation plain. 
While this great plain was in process of building, the streams which 
brought the .sediment, were ramified over the surface in a multitude of 
interlacing channels, in a pattern whose record is now left in the net- 
work of gravel courses belonging to any one horizon. 

The history of the plains has been somewhat as follows. The plateau 
of stratified rock which forms the body of the great plains was first 
eroded into "considerable relief" by the streams which crossed it from 
the mountains. A change of climate to greater aridity then gave to the 
streams their desert habit as noted above and their deposits built the 
great plains to a higher level than that of the original surface. At pres- 
ent a greater degree of humidity again enables the streams to cross the 
plains and to degrade their channels. It is believed that this present 
degradation stage dates "from the opening of that period of cli- 
matic oscillations in the Pleistocene*' which has been correlated with the 
lakes of the great basin. There have been minor oscillations, but in the. 
main, the building of the plains is regarded as having been completed 
in the Tertiary. 

Mr. Johnson does not find it necessary to invoke crustal move- 
ments, «»ither to bring about alternations of aggrading and erosion, 
as has been suggested by Dr. Gilbert, or to provide for the varying 
coarseness of the material of the plains, as was done by professor Ha- 
worth. On the contrary, he points to the closely parallel shores of lake 
Bonneville as evidence of remarkable stability during at least a part of 
the time for which crustal oscillations have been presumed to affect the 
great plains. In general the very broad graded slope and uniform con- 
stitution of the plains are taken to indicate "long-enduring stability 
of climate" and freedom from earth movements. Nor does he agree 
with professor Haworlh in considering a large rainfall necessary to 
brin^ from the mountains so large a mass of waste. The building 
was presumably done by streams which did not, in the main, reach the 
sea. The climate is supposed to have been more arid than at the pres- 
ent time. The torrential habit of rains and streams in arid regions is 
assumed to be sufticient explanation for the presence of the coarsest 
gravels in the plains. 
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TIk present topography of the high plains is strikingly flat, but 
thtrc art siiucer-liko depressions which are accounted for by localized 
percolation of rain water, at once compacting and dissolving "the loose 
Tertiary deposit. Some linear depressions with gentle slopes, well 
sodded and without a central ditch are also believed to be due more 
to settling and creep than to surface erosion. The large irregular basins 
arc of an entirely different type and belong to the areas where the 
Terliary is underlaid by the Red Beds which abound in salt and gypsum. 
Beds ol the former especially have been dissolved out and have allowed 
the formations above to settle, producing basins, sometimes many miles 
in exicnt. Large areas in southwestern Kansas having a tumultuous 
topography, not reconcilable with erosion by water or by wind, are 
explained in this way. 

'i lie chief interest topographically centers about the very existence of 
till' high plains. The run-oflf of this sub-humid strip has been unable 
to make a beginning toward dissecting the surface, while the more 
humid area on the east and the more arid strip to the west are being 
ri.pidly dissected and degraded. The explanation given relates this 
phenomenon to vegetation. The sub-humid region is the country of 
short grass and thick sod, the most effective protector against the be- 
ginnings of erosion. The slightly less rainfall on the west favors bunch 
grass, which offers little resistance to rill marking and gullying. The 
more humid climate on the east can produce nothing l)etter than the 
shc-rt sod and its more rank vegetation is inferior as a protector against 
dissection, while its greater run-off favors erosion. It is pointed out, 
however, that it is only against the beginnings of erosion that this pro- 
tection is adequate and that the eastern limit of the high plains is sharp- 
ly marked by a definite escarpment, east of which, minute dissection 
and r.ipid degradation are in progress. Attention is called to the pre- 
carious hold on existence, which these plains have. A heavy rain fol- 
lowing a long drought will find the sod less resistant and may make a 
beginning of gullying which will rapidly destroy the plain surface for 
a coH'^Jderable area. The relation of this process to "l>ad lands" is sug- 
gested. 

Many of the gravel strips are cemented by carbonate of lime, form- 
ing "mortar beds." The behavior of this salt in comparison with 
others is examined with care. It is show-n that its retention in solu- 
tion is difficult in the presence of other salts. It is inferred that the 
deposition of the lime carbonate occurred at the level of ground "water, 
and, though the exact reason is obscure, it is suggested that at this 
level the descending rain water in which it was held, came into con- 
tact with the ground water charged with other salts and was thereby 
rendered unable to retain its own. Mortar beds at various levels would 
then indicate fluctuations in the level of ground water, which are to be 
correlated with fluctuations of climate. That they are "cemented on 
levels'* and not beds of original structure, is evident from the way 
in which ther often follow a level across the various materials and 
irregqliiitfB|HHJij^ the deposits. 
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The characteristics of the climate arc given in seven deficiencies ; 
so named because it is one purpose of the paper to show that "the 
high plains, except in insignificant degree, are non-irrigable" and that 
therefore "for general agriculture they are irreclaimable." The rain- 
fall, even on the southern part, the "staked plains." is fully equal to 
that which produces the phenomenal w-heat crops in the valley of the 
Red River of the North, but despite this the climate is essentially 
arid, as explained in the following summary of deficiencies, (i) The 
summer rains are, as a rule, violent, brief and local. (2) The rain- 
fall of diflFerent years differs greatly, an average of three years out of 
five showing great deficiencies. (3) The normal summer tempera- 
ture is notably greater. (4) The relative humidity is notably less. 
(5) There arc more hours of sunshine. (6) There is more wind, 
which, during the summer is prevailingly from the south, hence warm 
and dry, whereas, during the same season in the Northwest the pre- 
vailing winds are nbrtherly. (7) As a result of the foregoing, eva- 
poration is greater. 

The history of the effort to farm the plains without irrigation in 
this so-called "rain-belt" is graphically described. It began after a 
series of wet years, 1883-85, culminated in 1893 and ended in disaster. 
. The chimera that the climate was changing or could be made to change 
by a general cultivation of the soil, induced many to hold on in des- 
peration, who might otherwise have abandoned the hopeless under- 
taking sooner. 

The dream of general irrigation, indulged in by some, is shown 
to have no basis of sober calculation. The author takes stock care- 
fully of the run-off and of the possibilities of storage and makes the 
estimate, that of the 800 million acres in the arid region, 350 millions 
are cultivable and of these, there are to millions which are irrigable, 
that is, seven per cent, of the total arid region or seventeen per cent, 
of the cultivable portion. Of these to million acres, four million have 
actually been irrigated. The irrigable area of the high plains them- 
selves is very small and that actually irrigated is quite insignificant. 

Estimates of what may be expected from artesian wells are un- 
promising. The catchment area in the mountains is small, and the 
Dakota ^sandstone, the chief water-bearing stratum, is not continuous 
under the plains. Where it does produce, in some valleys, the yield is 
small and there is no promise for irrigation, while "for irrigation of 
the uplands, there is no artesian resource whatever." The Meade ar- 
tesian basin is described at length. In this and a few other basins 
where artesian conditions appear, the supply of water is neither from 
the mountains nor in the Dakota sandston. "On the contrary, it is 
found that there is no universally extended artesian stratum, and no 
rise in wells whatever, except where, under a rare combination of pe- 
culiar and favoring conditions, it is locally developed from the or- 
dinary ground water." The peculiar conditions of this local develop- 
ment are (i) A toiK>graphic basin whose iKittom is l^elow the general 
level of the gnmnd water; (2) A relatively impervious stratum of clay. 
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which is basined similarly to the surface, thus depressing the surface of 
the ground water ; (3) An outlet, draining the basin ; otherwise it would 
fill and form a lake, for all these clay strata are only relatively im- 
pervious, that is, they can only retard the water's rise to its surround- 
ing level. These conditions are fulfilled in the Meade basin, which 
was studied in detail, and to some extent in a few others. Few of the 
many basins have their bottoms below the level of ground water which 
is, in general, probably little short of one hundred feet below the sur- 
face. "The fact that under normal conditions, the water plane in 
desert lowland regions of seaward inclination nowhere intersects the 
surface, but on the contrary, is almost universally lowlying is not to 
be attributed to the relatively light precipitation. The explanaton is 
to be looked for in the deep burial of the bed I'ock under open-tex- 
tured material, which affords opportunity for relatively large drain- 
age." 

The impression is not to be left that the high plains can not be 
reclaimed. It is the author's declared purpose to show "that on the 
other hand, water from under ground is obtainable in sufficient amount 
for reclamation of the entire area to other uses ; that such reclamation 
has in fact already begun, and is in progress of gradual but sure de- 
velopment; and that it will be universally profitable." Among the as- 
sured advantages toward this reclamation are (i) everything necessary 
for phenomenal success in the raising of cattle, (2) reasonable certain- 
ty of drought-resisting crops, such as sorghum which may be used 
as forage, (3) a supply of water from wells, sufficient for domestic 
purposes and stock and sometimes for gardens ; likewise the wind 
with which to pump it. These points of advantage are not specifi- 
cally mentioned in the paper, which is to be completed in a supple- 
mental publication. n. m. f. 

A preliminary report on the roads and road-building material of Geor- 
gia. By S. \V. McCallie, assistant geologist. (Geol. Survey of 
Ga., Bull. No. 8, 264 pages, 1901.) 
A fair idea of the scope of this report may be had from the chapter 
headings, which are as follows: (i) History of road construction, 
(2) The value of good roads, (3) Road construction, (4) Maintenance 
and repair o.f roads, (5) Road material, (6) Tools and machines used 
in highway construction, (7) The topography of Georgia in its rela- 
tion to the highways, (8) The road-building material of Georgia, 
(9) The roads of Georgia, with a brief description of the equipment, 
methods of road working and materials, by counties. The last chapter 
occupies more than half the book. Some facts of geological interest 
are given in the fifth, seventh and eighth chapters. In the latter the 
state is divided (from northwest to southeast) into a Paleozoic, a 
Crystalline and a Tertiary area, and the rocks of importance for road- 
building in each area are described. The diabases seem to be regard- 
ed as the rocks of most value for roadfln|i^|^ttd dikes of these are 
not uncommon in the Crystalline n^Clflj^^^^HB^Rf most probably 
of Jura-Triassic age. but, accordiri||^^^^^^^^^HH|j||!j|lcir distri- 
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bolion, none are known in the Paleozoic am. The report was (.-vi- 
dently prepared as an aid and sttmulas to the betterment of the roads 
of the state, and it is hoped that its object may be achieved, u. s. G. 

Letsons in Physical Geography, Charles R. Dryeb, pp. 430, Ameri- 
can Book Company, New York, Cincinnati, Chicago, 1901. 

The last five years have seen a grcaler change in the character of 
the instruction in physical geography than have any equal number of 
previous years. The reform has been largely initiated and guided by 
geologists. The somewhat vague and ill-defined field hitherto em- 
braced by this subject has been defined. Extraneous topics have been 
eliminated and much new physiographic material has been added,. 

The first text -books representing the new departure to appear 
was Tarr's "Elementary Physical Geography" (1896). This was al- 
most immediately followed by 3 "First Book of Physical Geography," 
by ihe same geologist. Both these books easily took the lead over any 
predecessor in the field. 

Davis and Snyder's "Physical Geography" (1898) has been a most 
active agent in the further development of the science. 

Still more recently (1899) the Report of Ihe Commillee on CoIIckc 
Entrance Requirements put in concise form what had l>een in the 
minds of educators on this subject. The scope of the science was con- 
sidered: Its position as a cotl^e entrance requirement was defined: 
.\ laboratory course was su^ested and the equipment of laboratnry 
and lecture rooms named. The newest and most valuable feature of 
■his report was Ihe outline of laboratory exercises which it contained. 
That field and laboratory work must accompany successful inslniclinn 
in physical geography has lieen recognized within a few years. In re- 
sponse to this recognition field trips have, in the leading high sch'i<i1>. 
been introduced into the course, but laboratory work in onneclion 
with this subject ftill remains comparatively untried. Suitable 
manuals of laboratory exercises have not accompmied the text-bo<ik^, 
nor heretofore have exercises been incorporated in text-Uyiks. 

Diner's Leisoiis in Phyiical Geogrofby is the first texl-lcrok to 
recognize and meet this deficiency, and it is this feature which makes 
this latest text-book in the '■cience welcome 10 teachers. The Kealislic 
Extrciics which follow the di'cu^^ion 'if every imji-irtant t'lpic are 
praaical and helpful and in a line with the profHised re^iiircmcnl^ of 
the college entrance lx>ard of examiners for ihc middle viaie-, and 
Maryland. 

Tbe illuslralions of the brX'k arc in many ca-e- new, and in ev-ry 

e good. Illuslralions have tieen selected from new fields and are a 
addition :•» the phy^i'igraphic material n'>w at the di-p"'';.! of 

arrangement oi -ubjecl matter may lir cr-im'-ndtd h-jya a 
■flfic point 'if view, and it: preseniati'jn *in'>ra<,i-i the m*,'-; r»- 
biowledge upon :he -jb.Jeet ir«.i-d, Kar'-ly a •■"j "ir-'-ry ^'■■'''■- 
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The discussion of is<istasy and criistal contraction (p. 48) and of 
ihe causes of glacial movement (p. 11 1) are the instances of this in 
the mind of the reviewer. On p. 99 the mean annual recession of the 
"Horseshoe Fall is placed at five feet. 2.18 ft. is ihe figure taken from 
those of the annual reports of the commissioners hy Dr. Grabau (1901). 

An excellent bibliography is appended. The volume meets with a 
high degree of success in the modem requirements of instruction in 
the subject with which it deals. f. b. 

Gcoli'gy of Rand Hill and I'icinity Clinton County, H. P. Gushing. 

( iQih Annual Report of the Slate Geologist, New York State Mus- 
eum.) 

This report comprises an account of the geography of the district 
embraced by the Mooers Atlas sheet, a summary of its geologic his- 
tory, a detailed account of the crystalline formations, a discussion of 
the structural features of the Plei>tocene deposits and topographic 
feaiure> and of the economic geology of the district. 

The oldest formation of the area is the Danncmora Gneiss-; a 
Pre-Cambrian crystalline, granitoid complex the origin of which is 
not positively determined. Into this body have intruded gabbroitic 
and syenitic massifs — the gabbroitic massif comprises both noryte 
and the "anorthosytc gabbro''. The latter type is characterized by 
the predominance among the index minerals of labradorite ( Abi Ani) 
In spile of the place which the term anorthosytc has won in petro- 
graphic literature it seems questionable whether the term should be 
allowed, by its retention, to perpetuate an early inaccuracy in the de- 
termination of the feldspar species. 

The analysis and recalculation of the anorthosyte-gabbro shows 
a considerable percentage (7.5) of orthoclase. This constituent is not 
mentioned in the petrographic description. It may be that the potash 
molecule is largely combined with the albite molecule. 

Later igneous intrusions in the gneiss are represented by syenitic 
and diabasic dykes. 

The Palaeozoic formations of the district arc a coarse gritty sand- 
stone of the Potsdam age, a Calciferous dolomyte and a siliceous 
Chazy limestone. 

The region is considerably faulted, the mo.st ifiarked faults 
IxMug the Cambrian sandstone and the Chazy limestone side by side 
There is no fault affecting the relationships of the Pre-Gambrian 
gneiss and the Palaeozoic sediments. The formations are excessively 
jointed. There are two sets of master-joints striking north and south 
approximately and northeast and southwest. 

The glacial deposits, both morainic and till, are widespread, but 
very irregular and evidently of considerable physiographic interest. 

There is little of economic importance in the formations of this 
district save a large amount of good building stone. As is the case 
throughout the Adirondack region, the origin and correlation of the 
gneisses furnish at once the most unMQMft^Mksipost difficult prob- 
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MONTHLY AUTHOR'S CATALOGUE 

OF AMERICAN GEOLCXJICAL LITERATURE 
ARRANGED ALPHABETICALLY. 



Adams. Frank D. 

Experimental work on the flow of n)cks (Abstract). (Bull. G. 
S. A., vol. 12, pp. 455-461, Xoveml)er, 1501.) 

Ami, H. M. 

Description of tracks from the fine-grained siliceous mud-stones 
of the Knoydart formation (Eo-Devonian) oi Antigonish crmnty, 
Nova Scotia- CTrans. Nova Scotian Institute of Science, vol. 10, 
pp. 330-332. 1 901.) 

Ami, H. M. 

Preliminary lists of the organic remains occurring in the various 
geological formations comprised in the map of the Ottawa district, 
including portions of the provinces of Quebec and Ontario, along 
the Ottawa river. fAnn. Rep., Geol. Sur. Can., vol. 12, pp. 551-77, 
December, 1501.) 

Ami, H. M. 

A biographical sketch of George Mercer Dawson [Portrait], (f Ot- 
tawa Naturalist, vol. 15, pp. 43-52, May 1901.) 

Ami, H. M. 

Bibliography of Dr. George M. Dawson. (Ottawa Naturalist, 
vol. 15. pp. 201-213. Dec, 1901.; 

Anderson, F. M. 

Neocene basins of the Klamath mountains [Abstract]. (Bull. G. 
S. A., vol. 12. p. 500. Nov., 1901. 

Beecher, C. E. 

Studies in Evolution, mainly reprints of occasional pafK-r^^ ^elected 
from publications of the laboratory of invertebrate paler/ntolr>gy, 
Peabodv Museum. Yale L'niversity, pp. 638. Yale Bicentennial Pul>- 
lications. New York. London. 1901. 

Beede, J. W. 

Fauna of the Permian of the central United .State-. ('Iranv 
Kans. Acad. Sci., vol. 17. pp. 185-189, 1901.; 

Blake, W. P. 

Evidences of shallow seas in pale^>zr>ic time in southern Arizona. 
(Abstract]. (Bull. G. S. A., vol. 12, p. 493, Nov.. u/}i.) 

Blasdale, Walter C. 

Contributiofis to the mineraU^- of California. CBull. iMrpt. fJi:o\., 
Univ. Cal., vol. 2. pp. 327348, Nov.. i*jOi.) 

Burritt, Chas. H. 

The coal measure- of the I'hilippinen. (Ke|K>rt to the \', S. M:!- 
itarj- Governor :n the Philippine*. War 1 -department. Ihsi'-yK. '/f 
Iti»alar Affairs, pp. 2^j, map<». Aug. f/ji, Wavhingt^m.^ 

Campbell, M. R. 

H>*fKithevi* to accrjr.t for th«; extrsi-gJa^^a; al/and'^^d . alley - oz 
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the Ohio basin [Abstract]. (Bull. G. S. A., vol. 12, p. 462. Nov., 
1901.) 

Chamberlin, T. C. 

Du patronage par le congres d'un effort systematique pour de- 
terminer les faits fondamentaux et les principes qui. doivent servir 
de bases a la classification g^lo^ique (Cong. Cidol. Int., VIII. Prem- 
ier Fascicule, pp. 284-296, Pans, 1901). 

Charlee, H. W. 

Dakota sandstone in Washington county. (Trans. Kans. Acad. Sci.^ 
vol. 17, p. 10^ 1901.) 

Claypole, E. W. 

Sierra Madre near Pasadena [Abstract]. Bull. G. S. A., vol. 12, 
p. 494, Nov., 1901.) 

Gushing, H. P. 

Origin and age of an Adirondack augite syenite. (Bull. G. S. A., 
vol. 12, p. 462, 1 901.) 

Darton, N. H. 

Comparison of stratigraphy of the Black hills with that of the 
Front range of the Rocky mountains. [Abstract]. (Bull. G. S. A.,, 
vol. 12, p. 478, Nov., 1901.) 

Davis, W. M. 

Peneplains of central France and Brittany. [Abstract]. (Bull. 
Geol. Soc. An., vol. 12, pp. 480-83, Nov., 1901). 

Davis, W. M. 

Note on river terraces in New England. [Abstract]. (Bull. G. 
S. A., vol. 12, pp. 483,-485, Nov., 1901.) 

Davis, W. M. 

An excursion to the Colorado canyon. [Abstract]. (Bull. G. S. 
A., vol. 12, p. 483, Nov., 1901.) 

Diller, J.S. 

Geomorphogeny of the Klamath mountains. [Abstract]. (Bull., 
G. S. A., vol. 12, p; 461, Nov., 1901.) 

Dodge, R. E. 

Landslides of Echo and of Vermilion cliffs. [Abstract.] (Bull. 
G. S. A., vol. 12 p. 485, Nov., iQOi.) 

Dowling, D. B. 

Report on the east shore of lake Winnipeg and adjacent parts of 
Manitoba and Kccwatin, from notes and surveys by J. B. Tyrrell. 
(Geol. Sur. Can., vol. 11. G. pp. 98, maps, 1900.) 

Dowling, D. B. 

Report on the geology of the west shore and islands of lake 
Winnipeg. (Geol. Sur. Can., vol. 11, F. pp. 100, maps, igco.) 

DwIglit.W. B. 

Fr)rt Cassin beds in the Calciferous limestone of Dutchess county. 
New York. [Abstract]. (Bull. G. S. A,, vol. 12, p. 490. Nov., 1901.) 

Eal<le, A. S. (and W. T. Sdhailer) 

Mineralogical Notes. (BuU^J3f^. G«ol., Univ. Cal., vol. 2. pp. 
315-.326, pi. 9, Nov., 1901, 
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Fairbanks, H.W. 

Geology of the Three Sisters, Oregon. [Abstract]. (Bull. G. S. 
A., vol. I2,»p. 498, Nov., 1901.) 

Fairchild, H. L. 

Proceedings of the 13th annual meeting, Albany, N. Y., and of 
the 2nd Annual meeting of the Cordilleran section, San Francisco 
1901. (Bull. G. S. A., vol. 12, pp. 445-538, pis. 42-45, Nov., 1901.) 

Farrington, O. C. 

The pre-terrestrial history of meteorites. (Jour. Geol., vol. 9. pp. 
623-632, Oct.-Nov., 1501.) 

Foerste, A. F. 

Silurian and Devonian limestones of Tennessee and Kentucky. 
(Bull. G. S. A., vol. 12, pp. 395-444. pis. 35-41. Oct. 31, 1901.) 

Frazer, Perslfor 

Memoir of Franklin Piatt. (Bull. G. S. A., vol. 12, p. 454. Nov., 
1901.) 

Gould, C. N. 

On the southern extension of the Marion and Wellington forma- 
tions. (Kans. Acad. Sci., vol. 17, pp. 179-181, 1901.) 

Gould, C. N. 

The Dakota Cretaceous of Kansas and Nebraska. (Trans. Kans. 
Acad. Sci., vol. 17, pp. 122-178, plates. 1901.) 

Gould, C. N. 

The Oklahoma salt plains. (Trans. Kans. Acad. Sci., vol. 17, pp. 
181-185, 1901.) 

Grimsley, G. P. 

Kansas mines and minerals. (Trans. Kans. Acad. Sci., vol. 17. 
pp. 200-207, 1901.) 

Hague, Arnold 

Note sur les phenomenes volcaniques Tertiaires de la chaine d'Ab- 
saroka (Wyoming). Cong. Int., VIII, pp. 364-365, Paris, 

1901.) 

Hitchcock, C. H. 

Tuflf cone at Diamond Head. Hawaiian islands. [Abstract]. (Bull 
G. S. A., vol.. 12. p. 462, Nov., 1901.) 

Hilgard, E.W. 

Sketch of the pedological geology of California. [Abstract]. (Bull 
G. S. A., vol. 12, p. 499, Nov., 1901.) 

Hershey.O. H. 

Age of certain granites in the Klamath mountains. [Abstract]. 
(Bull. G. S. A., vol. 12, p. 501, Nov., 1901.) 

Hobbs.W. H. 

The Newark system of Pomeraug valley. Connecticut, with a re- 
port on fossil wood by F. H. Knowlton. (U. S. Geol. Sur., 21 An- 
nual report, part 3, pp. 9-162 pis. I-XVII, 1901.) 

Hoffman, G. C. 

New mineral occurrences in Canada. (Am. Jour. Sci., vol. 12, pp. 
447-449, Dec., 1901.) 
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Keyes, C. R. 

Divert origins and diverse limes of formation of llie lead and 
line deposits of the Mississippi valley. (Mining and Metallurgy, vol. 
24, pp. ri5-7'7. Dec. 15, rgoi.) 
Knight. Wilbur C. 

Description of ihc Bates hole. Wyoming. [Abstract]. (Bull. G. 
S. A., vol. 12, p. 495, Nov., 1901.) 
Knowlton, F. H. 

Report (in fossil wood from the Newark formation of Sou!h 
Britain. Connecticut. (U. S. Geol. Sur,, 21 Ann, Rep., Part 3. p. 
161 igoi.) 
Kunz, Geo. F. 

The production of precious stones in 1900. (E.x. from Mineral 
Resources of the United Stales. 1900. V. S. Gcol. Sur., 1901.) 
Kunz, Ceo. F. 

Des progres de la production des picrre'i precieuses aiix Eai?- 
Unis. (Cong. G^oi. Int., VIII., pp, 393-.W5, Paris, 1901.) 
Lane, A. C. 

The economic geology of Michigan in its relation lo the businos 
world. (Midi. Miner., vol. 4, Saginaw, Dec, 1901.) 
Lawson, A. C. 

Drainage features of California, |Absiraci). (Bull. G. S. A, 
vol. 12, p. 495, Nov., 1901.) 
Lawson, A. C. 

Feldspar- Corundum, rock from Pluni.is county, California. [.\1)- 
stractj. (Bull. G. S. A., vol. 12. p. 50;, Nov., 1901.) 
Matthew, G. F. 

Les plus anciennes famies palaeoz 
premier fascicule, pp. .113-316, Paris. 
Mead, J. R. 

The Flint hills of Kansas, (Trans. Kans. Acad. Sci„ vol. 

207, IQOI.) 

Merrjam, J. C. 

Cjeological section through John I')ay basin. [.Abstract], 
G. S. A., vol. [2, p. 49'>. Nov. 1901.) 
Osborn, H. F. 

Correlalion des horizons de i 
en Am^rique. tCong. Geoi. Int., 
Paris, i<;0[.> 
Osborn, H. F. 

De- mttbodes precises mises ; 
des veriebre- fossiles des Eiats-ur 
Vlir. premier fascicule, pp. 353-3^4. Paris, igoi.) 
Rogers, A. F. 

.A list nf niiner.ils arranged according to the thirty-two crystal 
clashes, (Sdil. Mines Quart., vol, 23, pp. 79-89, Nov., 1901.) 
Reid, Harry-Fielding 

rogre.ssion des glat 
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Sellards, E. H. 

Fossil plants in the Permian of Kansas. ( Trans. Kans. Acad. Sci., 
vol. 17, p. 208, 1901.) 

Scott, W. B. 

La Geologic dc la Patagonie. (Cong. Geol. Int.. VIII. second 
fascicule, p. 747. Paris, i^oi.; 

Schaller, W. T. (A S Eakle and) 

Mincralogical Xotes. ( Hull. Dc-pt. (it-ol.. Univ. (Jal.; vol. j, pp. 
315-32^. pi. 9, Nov.. ic^oi.) 

Spurr, J. E 

Variations of texture in certain Tertiary igneous rock- of the 
great basin. Pari I. (Jour, (ier)l.. vol. 9. pp. z>i^j-M), Oct. -Nov , 
1901.) 

Smith, Alva J. 

The Aniericu> limestone. ( Tran«». Kans. Acid. Sci.. vol. 17. pp. 
189-194. 1901.) 

Stokes, H N . 

Pyrite and marcasite. < Am. Jour. Sci.. vol. 12. pp. 414-420. IVc, 
1901.) 

Todd, Jas. E. 

River action phenomena. < Bull. G. S. A., vol. 12. pp. 48^^-4^;^, 
Nov.. 1901.) 

Turner. H. W. 

GeoIog>- of the great basin in California and Nevada. fAb-iract). 
(Bull. G. S. A., vol. 12. p. 4(,H. Nov.. i'/ji.» 

Van Hise, C R. 

The Gei"»log>' of en: d«-i*<.-il*. II. ^.^ritnce N<'\v Ser., -.'A. 14. p. 
785. Nov. 22, KOI.) 

Van Ingen, Gilbert 

The Siluric fauna near BatT-vill^r. .Vrkan-a^. p;irt 11. < Schl 
Mines Quart., vol. 23. p. .'4-74- No.<mVT, 1901.; 

Walc6tt,C D. 

Sur les formation-i pre Car:: rit-nn'.-- fo-^iliicro. ' Coni^. ^j^ol. 
Int., VIII, premier fa-cicule. pp. 2f/j-,^,ij. Par:-. 1901.) 

Ward, HA. 

Veram:n meteorite. * .\z:\ J«,':r .'^ : ■'/' ;j. p. 4:7. Ih:-: v/ji f 

Ward, L. F 

Gcol'fgj- of the Lit'. I*- C ' r^.*!'. \' :-.'.'.•'/. \':. \ rr. Sri. -,', ;>. 
pp. 401-413. I>c.- I'^OI » 

Washington, Henry S. 

The Foyaite-Iy'litt- -rr:'.-- .? v.^ ',?:.•■• ■..'•; a ■ /.-T.^ca! ■•:'!> :ri 
differentiation. Part I. ■J^:r G*-' ! . ' '). pp ^f/:-^.22 O ■-.*.''.-.. 
igoi.) 

White, Mark 

Kansu Acad. Sci. .'v! 17 \> '•:/? 
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White, David 

Age of the coals at Tipton, Blair county, Pennsylvania. (Bull. G 
S. A., vol. 12, pp. 473-477» Nov., igoi.) 

Williams, E. H., Jr. 

The alleged Parker channel. (Bull. G. S. A., vol. 12, p. 463, 1901.) 

Williams, H. S. 

The discrimination of time-values in Geology. (Jour. Geol., vol. 
9, pp. 570-585. Oct.-Nov., 1901.) 

Willis, Bailey 

Oil of the northern Rocky mountains. (Eng. & Min. Jour., vol. 
72, p. 782, Dec. 14. 1901.) 

Willis, Bailey 

Individuals of stratiagraphic classification. (Jour. Geol., vol. 9. 
pp. 557-570. Oct.-Nov., 1501.) 

Williston, S. W. 

A new turtle from the Kansas Cretaceous. (Trans. Kans. Acad. 
Sci., vol. 17, pp. I95-I99» 1901.) 

Wortman, J. L. 

Studies of Eocene mammalia in the Marsh collection, Peabody 
Museum, pis. 8 and 9. (Am. Jour. Sci., vol. 12, pp. 421-432, Dec, 
1901.) 
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(iEOLOGlCAL SOCIKTV OF AMERICA, WlXTER MEETlXd. 

This meeting was held at Rochester, at the University, under 
the presidency of C. I). Walcott, continuing! tlirec days. It 
was largely attended, and was marked by the presentation of 
thirty-six papers. The retiring address of the president was 
a sketch of the geology of America as it appears at the pres- 
ent time. This was not so much an examination of the science 
per sc as an exposition of the ways and means of its prosecu- 
tion and progress, its status as an element in education and 
economics. The speaker also enumerated some of the outstand- 
ing problems that remain for the geologists of the twentieth 
century, springing mainly from the researches that have been 
entered upon in the nineteenth. 

The officers elected for i()02 are: President, X. H. Win- 
chell. First Vice-President, S. V. Emmons; second J 'ice-Pres- 
ident, J. C. Branncr : Secretary^ H. L. Fairchild ; Treasurer, 
I. C. White; Editor, J. Stanley-Brown: Librarian, H. P. Gush- 
ing; Councillors, C. W. Hayes and J. P. Tddings. 

Clarence Kixc, first director of the I'nited States Geo- 
logical Survey, well kn<-)wn as an expert mining geologist, died 
at Phoenix, Arizona. December 24. 
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SKETCH OF THE LIFE OF ZADOCK THOMPSON. 

Gborob H. Prrkins, state Geolo^at, Burlinsrt-on, Vt. 

PORTRAIT. 

There have been many reputable men of science in Ver- 
mont, men who have done much to discover and make known 
the natural resources of the state, but more than they all 
Zadock Thompson was the student and the interpreter of nat- 
ural history in Vermont. For more than half a century, his 
principal work, ^'Thompson's Vermont," has been the one 
constantly used reference book in many a rural home. From 
its closely printed pages hundreds of boys and girls have 
gained not merely instruction, but encouragement and in- 
spiration to open their eyes and see the wonders that lie 
about them in the hills and in the streams, the plants and an- 
imals of their native town. 

The life of Zadock Thompson is well deserving of thought- 
ful and reverent study as an example of a life, simple, earnest, 
full of true scientific spirit, patient, modest, and yet at all times 
ready to give forth to others the result of its labors. And these 
labors were usually carried on and the results reached in spite 
of great obstacles. 

Prof. Thompson was bom in Bridgewater, Vt., on the 23d. 
of May, 1796. He was the second son of Barnabas Thomp- 
son, one of the first settlers of Windsor county. He very 
early manifested a love of study, but throughout his school 
and college days he found it difficult to pay his way. 

He earned a part of that which was necessary for his ed- 
ucation by writing an almanac which he sold himself, going 
on foot from town to town. In 1823 he graduated from the 
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University of Vermont. During the following year he pub- 
lished a gazeteer of Vermont, a work of 300 pages. This was 
followed by several arithmetics, geographies, histories, travel- 
ers' guides, almanacs, etc., as shown in the bibliography follow- 
ing this article. During these years he also taught school in 
several places. Before he entered college Mr. Thompson had 
formed a plan for collecting the material for a complete history, 
natural, civil, statistical, of his native state, and for more than 
twent)' years he devoted much of both time and money to the 
execution of this plaji. 

In 1S42 he had gathered and arranged his materials and 
was ready to publish, but now his funds were wholly exhausted 
and his manuscript seemed likely to remain hidden in his desk. 
At this juncture an old friend and neighbor, Mr. Chauncey 
Goodrich, who was a publisher and printer came to the rescue 
and offered to print the work without the usual royalty and 
to wait for payment of all bills till returns should come from 
the sales of the book. The offer was accepted ana an edition 
of five thousand copies was soon issued. The legislature of 
the state ordered one hundred copies for the use of the state 
library and after the publication of the work voted five hun- 
dred dollars to the author in token of the popular appreciation 
of what he had done. 

The work is in three parts each of which if less closely 
l»rintcd would make a fair sized volume The first part is 
devoted to the natural history of Vermont and is quite fully 
illustrated, the second is a civil history, and the third is an en- 
larged and revised edition of the gazeteer. The unselfish 
spirit of the author is well shown in the price fixed 
upon this work. His publisher urged Mr. Thompson to sell 
the parts separateiy, charging two dollars each, or six dollars 
for the whole work which contained six hundred and forty- 
six pages and as books then sold, would not have been con- 
sidered dear at that price. Mr. Thompson, however, had all 
his life known the pain of wanting books that he could not 
afford to buy and he insisted that the price should be low 
so that those of limited means might not be deprived of the 
benefits of the work. The three parts were therefore sold 
together for two dollars and a half, though liii own profits 
were thereby greatly lessened. 
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Although busily occupied in study of natural and civil his- 
tory and in preparing his various publications, and in teaching, 
Mr. Thompson found time to study theology and in 1836 he 
was ordained deacon in the Episcopal church. On account 
of uncertain health he never settled over a parish, though he 
often preached in or near Burlington where he spent most of 
his life. 

In 1845 a geological survey was authorized by the legis- 
lature and Prof. C, B. Adams of Middlebury appointed geo- 
logist in charge. He appointed Prof, Thompson and Rev, 
S. R. Hall assistants. During the ensuing season. Prof. 
Thompson with his fellow assistant, explored a hundred and 
ten townships and were most busily occupied in the prosecu- 
tion of their work till the legislature of 1847-8 summarily put 
an end to the appropriation. The field notes, specimens and 
instruments of the survey were stored here and there for some 
months, but tlie next legislature ordered the scattered prop- 
erty to be collected and cared for and Prof. Thompson was 
appointed to execute the order, which he did and made a report 
of his work in 1849, No other report of the work of this 
survey was ever made as the succeeding legislature failed to 
vote necessary appropriations; and as the most important 
notes, those of Prof, Adams, were taken in a peculiar short- 
hand which only he could read, these became useless at his 
his death in 1853. In 1853 an appendix to the "Historj- of 
Vermont" was published. This, a book of 64 pages, is main- 
ly given to natural history. 

In 1851 he was elected professor of natural history in the 
University of Vermont and about the same time some of his 
many friends, learning of his strong desire to visit the Expo- 
sition in London kindly provided the means and he spent three 
months in England and on the ccmtinent. 

After his return he published as "A ThankofFering" an ac- 
count of his tour in a volume of 143 pages. 

In 1853 an act was passed by the legislature which pro- 
vided for completing the geological survey of the state, and 
^W this act Prof. Thompson, was appointed state natural- 
execution of this work he entered with enthusi- 
Torded him the opportunity he had long eagerly 
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desired to complete his study of the natural history of the 
state. He had been preparing since childhood for just this 
task and his whole soul went into it. He at once planned an 
extensive work and wrote out the title pages and contents of 
the three volumes of which it was to consist. Each volume 
was to be entitled "Natural History of Vermont," the first 
was to be given to geolog}', the second to botany, the third to 
zoology. 

The work never went far beyond the plan indicated, for 
the shadow of death, which for years had hovered over his 
life, at last fell and in 1856 he died at his home in Burlington. 

It was a sore disappointment to Prof. Thompson that 
he could not finish his work and at first, when it was appar- 
ent that he must leave it unfinished he was sore distressed. 
The pathetic struggle was not long, however, and soon he 
patiently and quietly submitted to the will of the God in 
whom he had believed and trusted and his end was peace. 

As has been indicated, Prof. Thompson was hindered and 
often baffled, at least for the time, by lack of funds. There 
were other hindrances and discouragements. In an address 
before the Boston Society of Natural History, given in 1851, 
he says that what he had accomplished in the business of 
natural history he had done without any associates engaged 
in similar pursuits, without collections and almost without 
books. 

Personally, Prof. Thompson was tall, angular, of a very 
quiet and sober, though gentle m.anner, amiable, sweet tem- 
pered, loved by all who knew him. His opinions were re- 
spected as those of a man of sound common sense and good 
judgment. He was unaft'ected and childlike and though 
naturally conservative, his scientific training made him hos- 
pitable to all new truth. His sober manner may have been large- 
ly due to the consciousness that was always present during the 
latter part of his life that the disease of the heart which afflicted 
him for years might at any time end his life. Because of this 
he did not trust himself far from home alone. His most 
frequent companion during these years was a Mr. Hills, him- 
self a lover of nature and a most gentle, sweet spirited man, 
who engraved nearly all of the illustrations in Prof. Thomp- 
son's publications. 
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In an obituary published scx)n after Prof. Thompson's 
death by his colleague and successor, Mr. Augustus Young, 
we find the following: "At the time of his death, Prof. 
Thompson was a professor of natural history in the University 
of Vermont, an institution to which he had been greatly at- 
tached since his graduation and the eminent self-taught natur- 
alist who had devoted his life in a quiet and unpretentious way 
to independent scientific enquiry and the labors of authorship 
and the ministry, died in his humble home near the university 
with his intellectual armor on, ere his eye had grown dim or 
his natural force abated." 

In the preparation of his works on natural history Prof. 
Thompson was brought into friendly relations with many of 
the scientists of his time. One of these, Dr. T. M. Brewer, of 
Boston, thus speaks of his friend : 

"His loss both as a citizen and a public man is one of no 
ordinary character. We have known him long and well, and 
in speaking of such a loss we know not which most to sympa- 
thize with, the family from whom has been taken the upright, 
devoted kindhearted head, or that larger family of science who 
have lost an honored and most valuable member. Modest and 
unassuming, diligent and indefatigable in his scientific pursuits, 
attentive to all, whether about him or at a distance, whether 
friends or strangers, no man will be more missed, not merely 
in his immediate circle of family and friends, but in that larger 
sphere of the lovers of natural science, than Zadock Thomp- 



son." 



It would be quite impossible to understand the later life of 
Prof. Thompson unless the place filled by his wife be fully 
recognized, for he never could have accomplished all that 
he did without her efficient aid. Their attachment began 
when as children they wandered through the fields in search 
of anything strange or attractive and in after years, when 
as husband and wife they occupied a little white cottage that 
until a few years back stood near the college campus, they 
continued in more mature and useful fashion the same investi- 
gations. Here many years after her husband's death, Mrs. 
Thompson lived in cheery old age, never losing her interest in 
/|he study of nature. Of more practical value was her shrewd 
ddnfiil management of the household finance by which 
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money was saved that carried the family safely through many ■ 
a crisis. Their home was a museum as well. It was in the 
midst of a very fine garden always filled with thrifty flow- 
ering plants and vegetables, when the season allowed, and in- 
side on shelves, tables, anywhere, were pens, cages, boxes con- 
taining the creatures that were being petted and studied. To 
the kindly, sympathetic and efficient co-operation of his wife, 
Prof. Thompson owed no small part of his success. Two 
daughters were bom to them. 

"In the preparation of his work on the natural history of 
Vemiont the author collected many specimens, some of them 
rare and valuable. Most of these are now in the state cabinet 
at Montpelier." 

Publications of Zadock Thompson. 

The following list is believed lo ctintaiii 
published by I'rof. Thompson; ihmigh besides 
preparation of sundry almanacs and otiicr works. 
Gentleman's Almanac, 1820, 

A Gazeteer of the Stale of Vcrmoul, 1824. lanio. pp. 310' 
The Voiitb'.'i Assistant in Practical Arithmetic, 1825. 8vo. pp. 160. 
The Fanner's Almanac ifia". 

The Green Monnlain Repository, 1S28. A monthly periodicn! edited 
by Prof Thompson. Published only one year. 

The Iris, 1828. Semimonthly. Also edited by Prof, Thorspson. 
The youth's Assistant in Theoretical and Practical Arilhmefick, 
1828. pp. (S. 

Thompson's New Arithmetic (Improved Ed.) 1828. pp. 2(6. 
Thompson's New Arithmetic. -Improved Edition. iSsg, pp. 168. 
History of the Stale of Vermont, from its earliest Settlement to the 
close of* the year 1832, 1833. pp. 2=2, 

Geography and History of Lower Canada. l8,(S, pp. 116, 
History of Vermont. N^ttiral, Civil, and Statistical. In Three P«rU 
1S42. pp. 224. 224, 200. 

Guide to Lake George, I.ake Champiain, Canada, etc, 1845. pp. 48. 
Geography and Geology of Vermont, For the use of Schools amd 
Familiefi. 18.1S. pp. 2t8. 

Report of Proceedings and losTuctiors in Relation to I ntff '■national 
> Exchanges. 1848. pp, 80. 

First Book of Geography for Vermont Children. 1849. pp. ?4- 
Natural History of Vermont. Address before the Boston Society «f 
Natural History, 1850. pp. .32. 

Journal of a Trip 10 London. Paris and thi! Gre 
1851, ifi.^2, pn, 14.1. 

Appendix to the History of Vermont, 1853, pp, 64. . 
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Northern Guide, 1857, PP- 45- 

History of the State of Vermont. For the use of Schtwls an<I Fam- 
ilies. 1858, pp. 252. This appears to be only a reprint of tin work 
published in 1833, and the preceding a reprint of the Guide published in 
1845. 



THE DURATION OF THE TORONTO INTER- 
GLACIAL PERIOD. 

By A. P. Coi.KMAN, Toronto, Ciinnfla. 

In an article on the Toronto and Scarboro Drift Scries in 
the American Geologist for November Mr. Warren (Jphani in- 
terprets the facts which have been demonstrated regarding the 
Toronto interglacial formation as proving that there was only 
a brief recession of the ice followed by a short readvancc, the 
whole requiring "only a few hundred years, or perhaps a 
thousand years more or less." He believes that the whole 
history of the deposits was subsequent to the beginning of the 
formation of the Niagara gorge, and probably "in companion- 
ship with the great glacial lakes, Agassiz, Warren, AIgonf|iiin 
and Iroquois." 

His conclusions are so entirely opposed to my own and to 
those of other geologists who have studied the formation in the 
field that a brief statement of the other side of the qHestion 
seems called for; and all the more, since Mr. LIpham's long ex- 
perience and excellent work as a pleistfKcne gcologi.^t enable 
him to speak with authority on many p^^ints in the glacuU 
and post glacial history of America. Interglacial perirxU lie 
seems to have studied much less carefully. 

As Mr. Upham apparently accepts without he^itatK/n my 
detailed statement of the facts,* quoting s/rveral p^ig^^i of it, 
one may take it for granted that the diffenrnrc l>^tw#rn ii% if 
purely one of interpretation. All that is nrx^:s«^ary th^n U Uj 
refer to points ly^aring on the Ungth of tirn/: re/juire/l to form 
the deposits, and on the rlin:ate and other factors, «.fiowin|f 
the extent to whirh the yj: r^rceded during in?/rrgla/i;il time. 

In the sections n^rar 'lornutrp we find the foIlo^AJng wri^^ 

oi events recorded : 

An older dep^Ait of r//iiU'jT rlky r^-.tir:g <,:. ±^ ;,r^g:;i^.ia; 
of Hud-on River \hh\t K^i \**'^r\ ^-.r^A^A by •7fi^;»rr^, 
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which in one place have cut sixteen feet down into the shale 
below. 

At least 41 feet of stratified clay and sand were then depos- 
ited, containing leaves and trunks of trees as well as unios 
suggesting a warmer climate than that of Toronto at present, 
a climate like that of the middle United States. 

Conformably on this a series of peaty clays containing trees 
and other plants of a cool temperate climate was laid down to 
the thickness of 94 feet. 

Upon the clay rest 55 or more feet of stratified sand with 
trees of about the same kind. 

The greatest thickness of the series observed at one place 
is 186 feet, at Scarboro Hights; and the stratified sand and 
clay have the character of deposits formed in a large body of 
water as a delta. They could not have been so evenly and 
fiAely stratified if formed by river action on a land surface. 

The lake, which stood at least 152 feet above the present 
level of Ontario at the close of the delta formation, was then 
drained off to a level much below that of Ontario, and rivers 
began to cut valleys in the delta deposits. These valleys are 
not V-shaped gorges, but wide and with gentle slopes, the 
smallest of them, at the Dutch church, Scarboro Hights, be- 
ing more than 150 feet deep, 1,200 feet wide at the level of 
lake Ontario and about a mile wide on top. It is much more 
mature in appearance than the valleys cut by the present Don 
and Humber since the time of the Iroquois beach, for the latter 
have often steep cliff-like walls, even in loose materials, such 

« 

as day and sand. 

Then followed a great accumulation of glacial materials, 
four sheets of boulder clay with intervening stratified clay and 
sand, the whole 203 feet in thickness, resting on the eroded 
surface of the interglacial beds and largely filling the valleys 
just referred to. During this time the water of the lake rose 
to 360 feet above Ontario as shown by stratified clay, sand and 
gravel. 

Let us now try to sum up the minimum time necessary for 
the process which took place between the two advances of the 
ice. 

The first stream erosion, through the till and sixteen feet 
into the shale, may have demanded more than 100 years. In 
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the last ten years, since careful observations have been made 
of the Don and Humber, these two streams have not appre- 
ciably deepened their channels when running through the 
shale. One hundred years is therefore a small allowance 
for 16 feet of cutting. 

At the very bottom of the Don warm climate beds there 
is a thick mat of deciduous leaves with branches and trunks of 

« 

trees, etc.; and layers with wood and leaves occur at several 
levels above this, separated by beds of stratified clay and sand. 
Unfortunately most of the wood is greatly compressed so 
that the annual rings cannot be counted, but some of the logs 
found were more than 18 inches across. My best specimen, 
a section of wood a little less than 4 inches across, shows 120 
annual rings. From their curvature it is evident that the 
complete trunk, was at least 7 inches in radius, so that the 
tree must have been about 200 years old. Probably some of 
the larger logs belonged to trees of much greater age. We 
must assume therefore that the ice had retreated more than 
200 years before the warm climate beds began to form ; for the 
logs at their base must have grown somewhere to the north, 
so as to have been undermined and brought down by the 
stream. How many successive generations of forest trees are 
represented in the higher beds containing wood and deciduous 
leaves is uncertain, but it is surely safe to assume that two 
generations matured, requiring at least 400 years. 

The peaty clays often show fine lamination with thin silty 
layers at intervals of 15/2 or 2 inches, the latter often charged 
with spruce needles, beetles' wings, etc. These peaty layers 
are not always distinct, and there are beds of the clay 2 or 3 feet 
thick which do not show them, the peaty and siltv matter being 
more or less mixed with the clay in these parts. It is rptural 
to assume that the silty layers are of an annual character, and 
if we reckon that two inches of clay were deposited annually 
over the delta, which was iSj^ inches wide, the 94 feet re- 
quired 564 years to form. 

How long the 55 feet of overlying stratified sand needed 
for their formation is hard to guess, but half a foot a year 
seems as rapid a rate of deposit as one can assume for so 
wide a delta. This would give no years for the in- 
terglacial sands. The shortest time admissible for the growth 
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of the forests and the laying down of the interglacial beds is 
then about 1,300 years. 

The question of interglacial water lev'els also has an impor- 
tant bearing on the duration of intorj.Tlacial time. The evi- 
dence is conclusive that the water stood as low as in lake On- 
tario at present, if not lower, at the be^finnmg of the waim 
climate beds; for streams were flowin»r and cutting channels 
in the Hudson River shale at the tmic. 1 he water then rose 
to 60 feet above Ontario during the warm climate period, and 
finally to 152 feet during the deposit of the Scarboro beds. 
Afterwards the water sank much below the level of Ontario so 

• 

that wide valleys could be excavated. 

Of what nature was the barrier toward the northwest? 
The only possible causes of the rise of water are the forma- 
tion of an ice dam or a rise of the land at the outlet by reason 
of epeirogenic movements. The first supposition can scarce- 
ly "hold water" under all the circumstances. It is incredible 
that the glacier should steadily advance during the period of 
warm climate when the rich Ohio forest was flourishing along 
the Don so as to push a wall of 200 or more feet of ice 
across the Thousand Island region into the state of New York, 
damming up the waters of a powerful river. If it did so ad- 
vance during the warm period why did it withdraw again 
during the cooler climate that probably existed after the for- 
mation of the Scarboro beds? 

The supposition of a slow epeirogenic uplift toward the 
northeast, such as appears to be under way in the same re- 
gion at present, is a much more probable one than that of a 
glacial advance of 50 miles or more into a climate like that 
of Pennsylvania. Afterward there must have been an equally 
slow sinking of the land to the northeast to a level considera- 
bly below the present. These changes of level were in all 
likelihood very deliberate processes, if Dr. Gilbert's estimate 
of the present rate of diflferential elevation of the Great Lakes 
region be taken as the standard. Certainly thousands or tens 
of thousands of years would be necessary to accomplish them, 
at least double the time during which the present uplift has 
been g^oing on. 

The cutting of river valleys through 190 feet of intergla- 
cial beds after the draining off of the water should also be 
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allowed for. The gentle slopes and rounded contours of these 
valleys prove that the work must have been lengthy. Even 
if the rivers were powerful glacial streams cutting down their 
channels rapidly, as Mr. Upham appears to assume,* this would 
not account for the wideness of the valleys and the gentleness 
of their slopes, which must have been due largely to rain and 
rill erosion. As the vallevs are more mature than those now 
being cut through similar material below the Iroquois level, 
we must conclude that their production probably required a 
longer time than has elapsed since the Iroquois lake was 
drained. How long ago this took place is of course very un- 
certain. If the present shore of lake Ontario is compared 
with the old Iroquois shore they seem of about equal maturity 
and probably required about equal times for their produc- 
tion, which suggests one-half of the time since Niagara began 
to cut its gorge for the erosion of the present river valleys be- 
low Iroquois level. As the age of Niagara is variously esti- 
mated at from 5,000 to 35,000 years, one-half of the time since 
it commenced its work may be any where between 2,500 and 
17,500 years. 

It is then altogether likely that the cutting of the intergla- 
cial river valleys occupied more than 2,500 years, perhaps 
very much more. 

The length of time required to deposit the 203 feet of 
boulder clay and interstratified material overlying the inter- 
glacial deposits it is not necessary for us to reckon. The time 
limits for the different interglacial -events as described above 
cannot, of course, be very sharply defined, but even with low 
estimates the total time demanded amounts to several thous- 
and years ; more than Mr. Upham allows for the whole retreat 
of the ice from the northern states. If instead of the smallest 
vidmissible estimate in each case more liberal but yet thorough- 
ly probable ones are assumed, and a reasonable time allowed 
for a rich and varied forest growth to advance and occupy the 
desert plain left after the first retreat of the ice, the length of 
interglacial time must have stretched to 10,000 or more years, 
ix)ssil)ly to 50,000. 

Let us now turn to a consideration of the relationship of 
the ice sheet to the interglacial deposits. Mr. Upliam evidently 

*Am. GBOL.. Nor., 1901. f». 315. 
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imagines the edge of the ice as close at hand on the northeast, 
so that its drainage could bring glacial sand and clay to the 
delta, while streams from the westward contributed driftwood, 
leaves and mosses. 

There are thick beds of stratified glacial clays, lying be- 
tween two sheets of boulder clay belonging to the upper glacial 
deposits, which resemble somewhat the peaty interglacial 
clays; but when carefully studied the resemblance turns out 
to be only superficial. The glacial stratified clay contains no 
mica flakes, nor fossils, is charged with so much lime as to 
burn to a gray brick, for which it is largely used,' and general- 
ly has a few angular pebbles, polished and scratched by ice ac- 
tion. The upper foot or two of these glacial clays has been 
weathered, however, and has had so much of its lime leached 
out by surface waters as to burn to a red brick. 

The interglacial stratified days wherever found, at Scar- 
boro' or the Don valley, show quite different characters. They 
always contain more or less of the peaty material usually asso- 
ciated with silty layers, charged with many greatly weathered 
mica flakes. Sheets of impure siderite are found as a rule every 
three or four feet. The clay contains much less lime than the 
glacial clays, and burns to a deep red brick. It is evident 
that the interglacial clay, if derived from the boulder clay or 
its associated calcareous stratified clay, has lost part of its lime 
and been enriched in iron. The small glaciated pebbles of 
glacial clays are entirely wanting, and in fact the upper lay- 
ers of peaty clay seem to be absolutely free from pebbles of 
any kind, though the lower ones, not far above the warm cli- 
mate sand and gravel, corttain a very few well rounded stones 
and pebbles. 

The absence of evidences of glacial action and the fact 
that the interglacial clays arc richer in iron and poorer in 
lime shows that they could not have been derived directly from 
the ice front a few miles away, but must have undergone a 
long weathering before being transported to the delta ; and the 
wide spread thin sheets of siderite and of silty stuflf contain- 
ing peaty fragments afl"ord clear proof that tlie deposits were 
not made on a land surface, but in a wide and deep lake. These 
delta materials are known to cover more than 100 square miles 
to an average dej)th of from 50 to 75 feet, and they are prob- 
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ably much more extensive than the field work shows, since 
they are largely buried under the drift left by the later ice 
advance. The river that formed the delta was therefore not 
glacial and was of great magnitude. The only stream that 
seems to fit the circumstances is an interglacial successor of 
the Laurentian river whose old channel from Georgian bay to 
Scarboro' is shown by various deep wells. We have then a 
larger river draining an upper lake into the Ontario basin and 
flowing through a temperate country with no traces of the 
presence of glacial ice in its valley. On the contrary its depos- 
its suggest a derivation from an old and thoroughly weathered 
land surface. 

If the ice sheet still existed it must have been far to the 
northeast, so that no glacial waters were tributary to the 
Laurentian river. 

The changes in water level shown to have taken place in 
interglacial time, and the presence of a large river evidently 
not draining an ice sheet are sufficient to prove that the To- 
ronto formation could not have been laid down during the ex- 
istence of the great glacial lakes such as Warren and Iroquois. 
The well marked Iroquois beach, with shore cliffs 70 feet high, 
is cut in later glacial deposits overlying the interglacial beds, 
and must have been formed thousands of years afterwards. 
The whole period of time during which the interglacial river 
channels were being cut at a stage of very low water, and also 
the time required for the later ice sheet to advance and de- 
posit 200 feet of glacial material must have intervened be- 
tween the formation of the interglacial beds and the work of 
lake Iroquois. No one who has studied the field relations 
could hesitate in reaching this conclusion. 

It is necessary to consider next Mr. Upham's opinion that a 
continental ice sheet hundreds of miles across and a mile thick 
could exist close to forests showing a climate like that of Penn- 
sylvania for a period of hundreds or even 1,000 years.* He 
supports this view by citing the proximity of cultivation 
to the tiny Swiss glaciers which reach thousands of feet below 
snow line; by the orchards of Norway, where cherries ripen, 
though heat and often barley will not, so short and chill is the 
summer, even though the relatively small Jostedal ice field is 

•Ibid., 313 and 314. 
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thousands of feet above the narrow sheltered valleys; by the 
presence of glaciers in the fjords of Chile 600 miles south of 
palm groves; by the perpetual snows of the Himalayas 15,000 
or 20,000 feet above the hot Indian plains and two or three 
hundred miles north of them ; and by the forest growth of the 
Malaspina glacier in Alaska. 

It will be noticed that all these instances are of glaciers of 
the Alpine type except the last. No one disputes that the nar- 
row tongues of Alpine glaciers can descend even thousands of 
feet below snow line into a temperate climate, so long as there 
is a sufficient snowfield on the mountains to keep up the ice 
flow ; but how long would they last if spread out on a compara- 
tively level surface near Cleveland, Ohio? The case of the 
Malaspina glacier is more to the point, since it is a piedmont 
glacier spreading out somewhat widely near sea level ; but here, 
too, the supply of ice is furnished by the highest moimtains 
in North America with a snow line only 3,000 or 4,000 feet 
above the sea. It is doubtful if the Alaskan piedmont glaciers 
would survive a century if there were no mountains behind 
them. In comparing the conditions at Malaspina with those 
of intcrglacial eastern America it •must be remembered also 
that the luxuriance of the Alaskan forest is due to the moisture 
and not to the warmth of the climate. The forest is subarctic, 
not warm temperate. That mountain-fed glacier ice can sub- 
sist close to a tangle of cedars and spruces along the chill and 
rainy north Pacific does not prove that an ice sheet not nour- 
ished by high lands could maintain itself beside forests of oak, 
maples, elms, hickories, pawpaws and Osage oranges. 

There is no example in the world of a wide expanse of 
snowfields and glacier ice in the immediate neighborhood of 
even a cold temperate forest growth without highlands behind 
to supply the waste from thawing; and if this is true of the 
moist cool shores of Alaska, how much more improbable is it 
that glacier ice spread out on a plain thousands of feet below 
snow line and exposed to the strong dry heat of a Pennsylvan- 
ia summer should long survive. 

It must be remembered that such a climate existed for 
hundreds of years to the north of Toronto, as proved by the 
annual rings of the forest trees, and that Toronto is only 500 
miles south of Hudson bay and 700 miles southeast of the cen- 
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ter of the Labradorean ice sheet. During those centuries of 
warm, dry climate the ice must have shrunk to the vanishing 
point. There is no more reason to suppose that glacier ice ex- 
isted then in central Labrador than there is to suppose it now ; 
and there is much more probability of finding glaciers at pres- 
ent around Mt. Washington, which cannot be more than 2,000 
or 3,000 feet below snow level, than of finding glacier ice on 
the low lands a few hundred miles northeast of Toronto in 
interglacial times, when the isotherms of Pennsylvania were 
shifted 150 miles to the northward. 

My own opinion is that in the interglacial period repre- 
sented by the Toronto formation the ice completely vanished 
from eastern America, not to return for thousands of years; 
and that it is quite possible that we are now living in an inter- 
glacial period, though not so mild a one as the last. 

In concluding this rejoinder to Mr. Upham's article it may 
be stated that a brief study of the facts on the ground has 
convinced several geologists, both European and American, 
who were formerly skeptical regarding interglacial periods, 
that here we have undoubted proof of one, and of too great a 
magnitude to be accounted for merely by a short recession of 
the ice field. Probably so able a field geologist as Mr. Upham 
would in a day or two along the Don and Scarboro' Hights 
convince himself as others have done. 

Interglacial time has also been discussed by Dr. T. C. 
Chamberlin, in the Bulletin of the Geological Society of 
America. Vol. i, p. 469, 1890, and by Professor N. H. 
Winchell in the American Geologist, 1892, p. 69, and No- 
vember, 1892, p. 302. The former refers to certain an- 
cient valleys or trenches which are presumed to have 
been excavated by streams in interglacial time. This 
would require several hundred feet of perpendicular 
rock-erosion by the various streams in interglacial time. 
The latter discusses the interglacial recession of the falls of St. 
Anthony, along a gorge, now buried under the drift, on the 
\C^est side of the Mississippi, at Minneapolis, reaching the con- 
clusion that about 15,000 years were needed for the recession of 
the falls in interglacial time. 
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NOTES OF A GEOLOGICAL RECONNOISSANCE IN 
EASTERN VALENCIA COUNTY,* NEW MEXICO. . 

By D. Wilson Johnson. 
PLATES II AND III. 

Southeast of Albuquerque, New Mexico, and east of the 
Manzano mountains, lies a region of low plains bounded on the 
west by the wooded foothills of the Manzanos, and on the east 
by a low and barren ridge terminating at the north in the hills 
of Pedernal and at the south in the Animas hills. The abrupt 
exposure of the Jumanez mesa bounds this broad valley on the 
south, while to the north the plains continue almost unbroken 
to the San Pedro and Ortiz mountains, and the rough country 
east of these g^oup?. The whole southern portion of this val- 
ley is comprised in what is known as the "Antonio Sandoval 
Grant," and is especially noted for the salt and alkali basins 
which occupy its central portion. 

The low ridge referred to as marking the eastern limit of 
the southern portion of this valley is not a well defined boun- 
dary line, but merely a gentle rise above the general level of 
the valley, east of which the plains stretch unbroken by any 
prominent landmark to the horizon. In two localities on these 
plains east of the dividing ridge are found basins more or less 
alkaline and saline : the first near the Mexican village of Finos 
Wells, southeast of the Animas hills some twelve or fifteen 
miles; the second northeast of the village about fifteen 
miles. During the summer of 1900 these different basins 
were visited by the writer, in company with Harry N. Herrick, 
in the interest of the University Geological Survey. 

The geological conditions are extremely simple. There is 
a constant dip to the east, or possibly a little south of east, 
quite marked along the western border of the valley, but becom- 
ing less noticeable as one passes further east and away from 
the axis of the Carboniferous uplift which produced the Sandia, 
Manzano and more southern ranges, until it is almost if not 
quite imperceptible at the exposures about the most eastern of 
the saline basins. A few miles northwest of Berrendo springs 
there are several imperfect exposures of alternating lime and 

•For the "Report of a Gcolojflcnl Reconnoi usance in Western Socorro and 
and Valencia connties,*' C. L. Hbkkick, see vol. xxy, No. 6 of the American 
Gbologist. 
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quartzyte sandstone bands. A lo to 15 foot band of nodular 
lime (overlaid by 6 to 8 feet of reddish quartzyte sandstone) 
yielded exceptionally large Productus punctatus Productus 
nebrascencis, together with some specimens of Productus cava 
and Derby a sp. This we refer (mainly on stratigraphical evi- 
dence) to the upper layers of the Permo-carboniferous lime 
Scries, the Manzano group.* 

In several of the lakes, especially those of the northern por- 
tion of the basin, exposures occur showing 25 to 30 feet Of im- 
perfectly lithified shales, alternating dark slate color and lighter 
yellowish red. These shales are saline to taste, and contain 
crystallized gypsum. This is of course a higher horizon than 
that exposed northwest of Berrendo springs. 

Passing still further east, arid so Still higher in the geolog- 
ical scale, we reach the Red Beds, which are exposed in numer- 
ous places over the plains on either side of the dividing ridge 
above referred to, in the basin of the southern Dog lake, the 
Pinos Wells basin, and in the basin 15 miles northeast of Pinos 
Wells. This horizon is exposed to good advantage in the high 
escarpment of the Jumanez mesa to the south, and the fact that 
it first appears in the basin of the southern Dog lake would 
seem to indicate that the dip is south of east, in this portion 
of the valley at least. 

A section of the escarpment of Jumanez mesa shows :t 

Feet. 

Massive gray lime 25 

Indurated yellowish to whitish sands 350 

Loose red sands, gypsiferous 100 

Imperfectly exposed red sands (?) 50-100 

The red sands are very abundant in both amorphous and 
crystalline gypsum, which in some places is quite pure, al- 
though not as remarkably so as at the southern end of the 
Nacimiento range. The massive gray lime is very firm and 
well preserved, and although some few fragments of fossils 
were seen, we were unable to secure specimens sufficiently 
well preserved for accurate identification. We noted Nautilus 
sp., seven inches across, a small gasteropod, and several 
specimens of coral. 

•GeoloKy of the White Sands, C. L. Hbrkick, GcoL, Surv. Univ. ofN. Afex., 
YOl. ii, p. 4. 

fAU sections are K:iven in descendiog order. 
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The small exposures about the Pinos Wells basin show 

Impure lime 8 

Yellowish to white sands 12-iS 

Red sands 25-30 

Impure lime 3-5 

Red sands ; 30-40 or more 

In the red sands about the basin fifteen miles northeast of 
Pinos Weils there is a very prominent band of pure white amor- 
phous gypsum, I to 1 J^ feet in thickness. 

It will appear from the foregoing that the saline basins in 
and east of the Antonio Sandoval grant occur in that portion 
of the Red Beds which we have referred to the Permian. It is 
possible that the horizon exposed in the lakes north of the 
.southern D(^ lake may be a little below the base of what 
may Iw properly called the Red Beds, but it can be but a few 
feet at most. Certainly the horizon is above the Manzano 
groiiji in the lime series, and at or below the prominent gypsum 
horizon at the base of the chocolate series. That these saline 
and alkaline basins should prove to be of Permian age is not 
surprising, but was to be expected from what has been seen 
of the Red Beds elsewhere in the Territory. ■+ 

Concerning the lakes themselves little is to be said apart 
from a discussion of the chemical composition of their waters 
end dc)X)sits. In the Antonio Sandoval basin almost all of the 
lakes are surrounded by embankments or dunes of white adobe 




soil, rising from twenty-five to fifty feet above the level of the 
jilains. I'rom a distance these embankments have the appear- 
ance of low white sand hills, and not until we had 1 




l-^^' 
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one of the low rises and looked down into the basin, with its 
level floor covered with snow-white salt stretching far away to 
the south, did vvc realize that we were in the vicinity of the 
lakes. The lake bottom is usually from some thirty to fifty feet 
below plain level, or from fifty to one hundred feet below the 
top of tlie surrounding ridge. A section of the side of one of 
these lake basins was as follows : 

Feet, 
Iinpcrftcily slralified adobe soil (dune forniallon) 65 

Impcrfeelly litliified shales 30 

Gradually sloping mud flat (lo the edge of llie 

lake) 1 

The upper soil, composing the embankments or dunes 
al)out the lakes, is not saline to the taste, and contains but little 
over iTt of so<lium chloritlc. About a few of these lakes, es- 
pecially toward the south, these dunes are entirely lacking in 
places. -As stated above, the underlying shales arc strongly 
saline to the taste, and contain crystalline gypsum. The mud 
flats are often thickly strewn with fragments and small crys- 
tals of gypsum, to sucli an extent that about the shores of some 
of the lakes the ants have built numerous large hills com|»osed 
eiiiirely of these fragments. 

As a rule most of these lakes are dry and covered with a 
thin crust of more or less pure salt. The Laguna del Perro, 
the largest of these lakes, is only drj' in part, however, salt 
water standing in portions of it most if not all of the year. 
We secured samples of the white crust, to which some of the 
wet underclay necessarily adhered. Analysis of the samples 
showed 76.6% salt.* This salt crust is of variable thickness, 
Uit will average about a quarter of an inch over the portions 
of the lake, dry at the time of our visit, .^bout six inches below 
the surface crust was an inch layer of what appeared i>n first 
sight to be coarsely crystalline salt. Analysis showed 6% sod- 
ium chloride, (he remainder being almost pure finely crystal- 
line gypsum. Clay from a foot and a half below the sur- 
face showed Ga'/' .'-alt. 

nforlunately two terrific slorms swept over the valley 

shortly after we left the Laguna del Perro, and as we jour- 

1 along the ridges between the smalicr lakes to the east. 
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we saw the latter filling rapidly from the torrents which rushed 
down the sides of the surrounding ridges, the dry white salt 
crusts giving place to several inches of muddy water. The 
roads were soon so slippery that the ponies could scarcely keep 
their footing, and in some places were almost impassable. Be- 
ing no longer able to secure samples of the surface incrusta- 
tions, we had to content ourselves with samples of the saline 
water, and of the soil from different depths. 

To the east of the northern portion of the Laguna del Perro 
is the group of smaller lakes above referred to. From a high 
point on one of the ridges we were able to see the water in 
nine of these lakes, and could locate many more by the sur- 
rounding ridges. These smaller basins averaged from 600 to 
I, coo yards in length, by 200 to 400 yards in width. Water 
from one of these smaller lakes (formerly almost or quite dry 
with very thin white salt crust) shows but 1.65% salt, while 
clay from two feet below the surface runs 5.2%. This will 
serve to give some idea of the extent to which the salt was di- 
luted. Water from another of these smaller lakes, known to be 
entirely dry before the storm, shows but 1.4% salt. About ten 
inches below the surface of the former lake we encountered 
another of the layers of finely crystalline gypsum some four 
inches in thickness, carrying 10.5% salt. 

As we joumeyeyd further southward we passed beyond the 
limits of the territory affected by the storms, and reached the 
so-called lake Salinas. This is evidently the great salt lake 
of the whole basin, and furnishes the salt for the ranches 
within the radius of a hundred miles or more. The almost 
pure product is hauled in wagon loads to Albuquerque, Santa 
Fe, White Oaks, and other places equally distant. The lake 
is somewhat round in shape, and perhaps a quarter of a mile 
in diameter. The water, which attains a depth of some three 
feet or more in places, is a supersaturated solution of sodium 
chloride. The samples of the water which we obtained were 
allowed to stand but a few days before analyzing, and then in 
sealed bottles. But in that short time considerable sodium 
chloride had crystallized out, while the residual brine 
28.35% of the salt still in solution, or nearly 2% over a 
saturated solution. The water is highly chnrgcil with crvrltoiK 
ates, and it is suggested that these may affi ■ t t'. 
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for salt in such a way as to explain the above phenomenon, 
while the concentration from a normal saturated solution is an 
element to be considered. On the surface of the lake float 
thin particles or scales of salt, and from the top of the sur- 
rounding ridge the appearance is that of a deep basin, the 
bottom covered with snow. At the bottom of the lake is a 
thick deposit of pure crystalline salt, the cubical crystals being 
very large and well preserved. The salt is secured by driving 
well out into the lake and loading the wagon from the rich de- 
posits on the lake bottom. About the shores of the lake is a 
thick crust of the salt, but of little value compared to the purer 
product in the deeper portions. Clay from two feet below tlic 
surface shows 7.1% salt. The subsoils from the different lake 
basins are rather constant in character, there usually being 
from one to one and a half feet of yellowish clayey mud, (often 
containing wie or more gypsum bands), underlaid by a rather 
pure clay varying from dark slate to almost white in color. 

The so-called alkali ponds further south resemble the salt 
lakes to the north in size and appearance, and arc frequently 
dry and covered with a white incrustation. That these ponds 
are essentially saline is evident, for when one tastes the water 
or the white crust one is first impressed by the strong saline 
taste ; and not until a few seconds later does the disagreeable 
alkaline taste become noticeable. Water from one of these 
ponds shows 26.1% salt. The surface incrustation from an- 
other yields 20.5% salt, the remainder being largely sodium 
sulphate. 

Still further south are other salt lakes similar to those at 
the north of the basin. Chico lake is rather round in shape, 
perhaps a third of a mile across, and was dry at the time of 
oar visit. The whole southern end was merely a broad mud 
flat, but the northern portion was covered by a very thin salt 
, on which were scattered beautiful large cubes of sodium 
chloride. On renK^ving this thin crust considerable soil ad- 
hered ; analysis of ihc whole showed 57.5% salt. Soil from two 
feet below the surface shows 12.5%. Under the usual layer of 
a foot and a half of yellowish mud comes about six inches of 
thin layer:) of dark j^reenish soil alternating with thin layers 
V this i& dark slate-colored clay. What appeared 
8 of grass were found in both the green- 
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ish and darker soil. From the most southern of these lakes, 
the southern Dog lake, we secured samples of the water carry- 
ing 2.75'/' salt. The surface deposit was very slight. Along 
the southern shore of tliis lake the Red Beds are first exposed, 
and the mud flat is strewn with large fragments of amorphous 
and crystallized gjpsuni. 

Turning eastward we soon began to ascend the low ridge 
south of the Animas hills, passing from the bright red soil of 
the lower red sands of the Juuiaiiez mesa section to the lighter 
soil of the yellow and white sandstones jnst above. Before 
reaching Pinos Wells we had again returned to the Red Beds, 
possibly to a slightly lower horizon than that exposed in the 
southern Dog lake. Between the Animas bills and Pinos 
Wells, there rises well above the level of the plains the rugged 
peaks of Cerro del Pino. This isolated mountain is composed 
of red granite, and is covered with a fairly abundant growth 
of pines and scrub oak, while dense groves of cedar extend well 
out over the surrounding plains. 

The basins at Finos Wells resemble the alkali ponds of the 
Antonio Sandoval Grant, being slightly alkaline, but more 
distinctly saline. They were quite dry at the time of our visit, 
while the surface deposit was very slight. Blue clay from 
two feet l)clow the surface carries 1.8% salt, wliilc the surface 
soil (thin scrapings from surface) shows 11.7^^. The salt 
basin fifteen miles to the northeast is not much larger than 
one of the smaller lakes of the Antonio Sandoval basin, and 
is similar to the basins at Pinos Wells, A little water was 
standing in some parts of the lake at the time of our visit, 
but was evidently due to recent showers. The water was 
strongly saline to the taste, and slightly alkaline. The sur- 
face deposit about the shores was very thin. Thin scrapings 
from the surface i^how 9,1% salt, while mixed reddish and 
bluish clay from two feet below the surface show $-5%- 

Fifteen or twenty miles to the northwest lies Pedemal 
mountain, a low peak on the northern part of the dividli 
ridge. The peak, and the hills of Pedemal just east, 
duced by an uplift of a quartz-bearing rock similar to 
of the Tij eras-Coyote dyke.* Along the western base 
hills the metamorphism produced by this intrusion is evii 
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by a broad band of liornbleiidic schist, exposed for several 
hundred feet at the point we crossed it. 

In several places throiiglioiit the valley arc found wells 
and springs of sulphur water. — sohitions of hydrogen sul- 
phide. The only evidence of igneous disturbance being so 
far distant, it is not believed that the phenomenon can be ac- 
counted for -on this basis. It is suggested that a satisfactory 
explanation is to be found in chemical reactions between the 
constituents of the soil itself, dne to the decomposition of the 
organic matter found in the clays and shales of this locality. 



SACRED HEART "GEYSER SPRING." 

B]- CIKIcLliS P. Dkkkkv. Minnrnpolif. Minn. 

Considerable attention has been attracted recently to a 
spring discovered in one of the side ravines of Hawk creek, 
Renville county, Minnesota. Excavation into a bogg>" slide 
about two-thirds way down a hundred-foot slope freed a large 
and steady stream of excellent water. 

A large l>ox was sunk into the drift anil an outlet made 
for the water through a two-inch pipe pushed horizontaily 
tbrough tJie side of the Ixjx. This pii>c is about bo to 75 feet 
long and Iwnds downward over the slope. It is the behavior 
of the flow from this pijK' that has attracted chief attention 
and has given the name to the spring. 

The natural supply of water in the box is almost exactly 
the ciiuivalent of the outflow possible through a two-inch pipe. 
Bending of the pipe has raised a portion of it a trifle above the 
horizontal and induced a l>ehavior similar to a siphon. The 
flow is therefore intermittent. At the foot of the pi|je the 
stream increases in size and force for a total time of six min- 
utes, then the pipe flows full for one minute, followed by a 
rapid decline of flow for one minute longer. It remains qui- 
Keni for about a minute and a half and then repeats the op- 
'-'fration as before. At times a considerable noise is made in the 
Iwx of gurgling, iilowing and suction which serves the more 
to mystify curious visitors. 

I i* clear, however. tJiat the spring itself is not intermit- 
irregularity was accidentally produced by the 
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particular adjustment of the pipe and that the spring* is of 
the type commonly issuing from gravelly beds favorably situ- 
ated with reference to tht till constituting the body of drift at 
that place. 

Independently of this supposed intermittent character, how- 
ever, this water has considerable reputation for its mineral 
qualities and is being shipped to neighboring towns for medi- 
cinal uses. 

The following is a copy of one of the analyses that the 
owner had made for its mineral constituents: 

Constituenis, Grains per galloit. 

Potassium bicarbonate 548 

Sodium bicarbonate 3.518 

Sodium chloride 134 

Calcium sulphate 26.602 

Calcium bicarbonate 10.639 

Magnesium bicarbonate 25.086 

Iron bicarbonate 103 

Alumina 015 



Total, 66.914 

Sanitary Chemical Analysis. 

I'arls Per ,oo,c 

Total solids 115. 

Chlorine 14 

Free ammonia oot 

Albuminoid ammonia .0003 

Oxygen absorbed from permaganaie trace 

Nitrates traces 



THE SIGNIFICANCE OF THE TERM SIERRAN. 

By OiCAR K. HaiilHBT. Bcrkeky. Cal<r. 

Acting on a suggestion made by Dr. Joseph Le Conte 
in a foot-note to his paper entitled "The Ozarkian and Its 
Significance in Theoretical Geology,"* that the tenn Orarkian 

was preoccupied and (iiigiK [iiopcrly lie replaced by Sierran, 
a number of write rs on Pacific Coast geology liave adopted the 
'/otiowl of Geology, ml, vli, Mk 6, Seiit.-Oct., 1899, 
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latter.* There can be no objection to the use of the term 
Sierran in the Pacific Coast country if its true significance be 
understood, but I submit that it is not the equivalent of and 
cannot properly replace the term Ozarkian. As I under- 
stand Le Conte, Sierran is derived from the canons of the 
Sierra Nevada region and its definition may be given as, the 
designation of that period during Which these canons were in 
process of formation. To arrive at a full appreciation of its 
significance we shall have to know the time of the uplift of 
the Sierra Nevada province which inaugurated the canon 
cutting. 

Through the work of Whitney, Le Conte, Becker, Brown, 
Diller, Turner, Lindgren, Ransome and Lawson, the geo- 
morphology of the Sierra Nevada mountains has been grad- 
ually evolved and is now known with a fair degree of ccwn- 
pleteness.f On a recent pedestrian excursion in that area, 

*The objection to the term Ozarkian that it had a prior use seems to 
the writer not well made. In the paper by Broadhead referred to by 
Lt Conte {American Geologist, vol. xi., p. 260, 893) the word Ozarkian 
does not once occur. There is sufficient distinctness between Ozark 
series and Ozarkian to prevent confusion. Instances of the use in 
Reolog^cal literature of names similar but not identical are rather com- 
mon. There is not much importance in a name, and if Ozarkian is not 
appropriate I shall welcome the substitution of a better name. At 
present, Ozarkian appears eminently appropriate because the Ozark re- 
gion is joined on the southeast by one in which the Lafayette deposits 
are typically developed and on the north by the area of the Kansan drift 
sheet. I do not know of another area which promises so well to fur- 
nish data for fixing the limits of the period. 

tThe literature of the subject is voluminous and the following is 
probably only a partial list of the published papers bearing on it : 

Aunferous Gravels of the Sierra Navada of California, by J. D. 
WnrrNEY. 

The Old River-beds of California; by Joseph Le Conte. Am. Jour, 
of Set. Third series, vol. xix., pp. 17^190. 

Science. Vol. i, March 23, 1883, pp. 194, 195. 

Geology of the Lassen Peak District. Eighth Annual Report of the 
U. S. Geol. Sur., pp. 395-432. 

Bull. Geol Soc. of Am. Vol. 2, pp. 327, 328. 

The Ancient River Beds of the Forest Hill Divide. Tenth Annual 
Report of the State Mineralogist of California. 

Two Neocene Rivers of California. Bull. Geol. Soc. of Am. Vol. 4. 

Revolution in the Topography of the Pacific Coast Since the Auri- 
ferous Gravel Period. Jour, of Geol. Vol. 2, No. i. [Fourteenth An- 
nual Report of the U. S. Geol. Sur., pp. 397-434.] 

Geological Notes on the Sierra Nevada. Am. Geol. Vol. xv., April, 
1894- 

[Rocks of the Sierra Nevada. Fourteenth Annual Report of the 
U. S. Geol. Sur., pp. 435-495-1 

Auriferous Gravels of the Sierra Nevada. Am. Geol. Vol. xxiii., 
June, 1895. 
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I was able to gain some familiarity with the subject by per- 
sonal observation, but I can add nothing of importance to tlie 
work of others. I will briefly review the later Tertiary and 
Pleistocene history of the region and endeavor to fix as closely 
as jK)Ssible the time of opening of the Sierran period. 

Topographically, the Sierra Nevada region is mainly di- 
vi<led among degraded fault-scarps, monadnock peaks, flat- 
topped divides, rolling uplands and canons. Toward the 
north the latter two are quite distinct, hut south of the Tiio- 
lumc river, the surface is more deeply and broadly eroded, 
owing to greater tilting of the country and the topography is 
that of the "gulch and ridge" type. The dominating feature 
of all is the dissected peneplain, which is, over a large part of 
the area, so perfectly preserved and the evidence upon which 
its recognition has been based is so strong as to make it com- 
pare favorabl}' in these res]>ects with the best established pene- 
plains of the eastern states. 

It appears that late in the Tertiary era, erosion had re- 
duced the surface to an midulating plain across which the 
streams flowed in broad shallow valleys. Some disturbance, 
probably a slight depression, or possibly a slight elevation 
about their heads, caused these valleys to be filled up to the 
depth of fifty to two iiundred feet and over, with alluvial 
gravel and sand, the well known Auriferous gravels proper 
or "high-level channels" of that region. Then followed a 
perio<l of vulcanism which may be divided into three epochs, 
known respectively from the most characteristic product of 
each, the rhyolyte, andcsyte and basalt epochs. The tuffs of 
the first are intcrstratificd with the upper portion of the 
Auriferous gravels proper, but the andesyte tuffs unconform- 
ably overlie them. 

Tlic Age of the Aiiriforous Gravels of llie Sierra Nevada. Jour, of 
Gcol. vol. iv., Nov.-Dec. 189O. 

The Topography of California. Jour, of Gcol., vol. v., Sept.-Oct., 

'II1C Ozarkian and lis Significance in Theoretical Geology. Jottr. of 
G^-kI. Vol. vii., Sepl.-Oct„ i8g(). 

The Drainage Features of Cali.^-ruk,. /,.ur. ,,/ </«>/. Vol. ix,, Jat 
Feb.. igoi. 

The Physiography of California. Pull. .Im. Hur. of Geog.. S«pt-J 
and Dec, 1901. 

Geologic Atlas of the United Stales, Text accoiiiifaiiying tile Plai-er- 
ville, Sacranienio, Jackson. Lassen Peat, Majysville, SoiRrts- 
ville. Nevada City, Pyramid Peak, Dowineville, Truclwe, Sonora. 
Bidwcll Bar. Big Trees. Colfax and Mother Lode District >hKtX. 
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The peneplain was virtually completed by the close of 
deposition of the Aurifeous gravels proper and the rhyolyte 
tuff, and was then buried under the andesyte tuff which, after 
filling the shallow valleys, spread out over the uplands and 
pretty thoroughly mantled the surface of the northern half 
of the province. Small monadnocks were widely scattered 
over the peneplain, but those of sufficient size to be promi- 
nent objects in the scenery were not numerous. Probably 
a mountain 150 feet in hight was an important elevation. 
l"lic Bear mountains in Calaveras county are regarded as 
monadnocks and a line of less elevation of like character 
extends northward next to the great valley almost as far 
as Oroville. Another important group lies along the sum- 
mit north of the Central Pacific railway. On the readily 
decomposed granite rocks which now form the high Sier- 
ras south from the railway, the country seems to have been 
prett)' thoroughly base-leveled. 

The obliteration of the old valley system through the 
rapid accumulation of the andesyte tuff left the streams free 
to choose new courses. At some time following the deveU 
opmlent of the tuff plain, a rather sudden tilting of the 
province toward the great valley inaugurated the present 
consequent drainage of the northern Sierras. By continued 
elevation the streams were rejuvenated, began to trench val- 
lejs and practically all of the rugged scenery of this won- 
derful mountain region is their work. 

We now come to an important problem, the solution of 
which does not seem to have been made in a satisfactory 
manner, and which has a direct bearing on the question at 
issue. We have the product of the post-andesyte erosion ' 
in the form of two strongly contrasted types, the rolling up- 
lands and the canons. Do they indicate that the uplift was 
affected in two principal stages, of which the first was the 
longer but the amoimt less, while the second was the pro- 
found orographic disturbance to which the deep canons are 
due? 

It is i)ossil)!e that the contrast between the rolling up- 
lands and llic caiions may be in part explained by a great 
difference in the resistant properties of the material exca- 
vated, Dnring the development of the peneplain, oxidation 
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and partial decomposition of the bed rock extended to con- 
siderable depth, perhaps as much as several hundred feet 
on the average, softening the rocks and making them less 
resistant to subsequent weatherings and stream erosion. 
Subsequently to the uplift, after the andesitic covering had 
been removed, this comparatively easily eroded material 
would be carried away rapidly, while, when the streams 
cut down into the undecomposed rock, their work may have 
been much less effective and the results more inclined to- 
ward the caiion form. 

However, the contrast between the rolling uplands and 
the caiions is too great to be entirely accounted for under 
the above hypothesis. The rolling uplands, as along the 
Mother lode and more particularly in the foot-hills belt north 
of the American river, are undulating plains miles in extent 
and no more suggbsting a mountain region than does the 
"crest" of the Ozark plateau in Missouri. They lie at a level 
usually several hundred feet below that of the flat-topped 
divides, which latter are remnants of the volcanic plain. 
The narrow strips of higher ground isolate them into broad 
shallow basins, which are scunetimes referred to as the upper 
troughs of the streams. In them the peneplain has been 
uncovered, and the present topography, except for the 
canons, is probably similar to that of the late Tertiary time 
before the peneplain was buried. However, the surface 
at present is generally somewhat lower than that of the old 
peneplain. 

In Tuolumne county, as Ransome has pointed out,* 
there are local dissected plains at the level of the rolling 
uplands which certainly postulate a base level of erosion not 
sufficiently accounted for by the presence of a resistant rock 
barrier down stream, and I am inclined to accept the opin- 
ions of others that the valley erosion of the Sierra Nevada re- 
gion was affected in two distinct periods whose products are 
respectively the upper troughs or rolling uplands and the 
cafions. 

It is thought probable that the Sierra Nevada region stood 
somewhat higher during the volcanic period than it did dur- 
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ing the accumulation of the Auriferous gravels' proper. When 
the vulcanism ceased, degradation overcame aggradaticm and 
the extensive removal of the andes)rte and basalt covering and 
erosion of the decayed upper portion of the older rocks to 
form the present rolling uplands may have occurred without 
further uplift. The earlier epoch of erosion is not sharply 
delimited from the later stages of the vulcanism. 

The Auriferous gravels proper have long been correlated 
with the lone formation in the great valley and considered 
of Miocene age, but the latest work of Merriapi, Knowlton 
and others seems to place at least their upper portion in the 
Early Pliocene. The succeeding andesyte and basalt volcanic 
epochs were probably contemporaneous in a general way with 
the extensive Middle Pliocene vulcanism in the Coast Range' 
region. This would bring the earlier stages of the post- vol- 
canic erosion in the Late Pliocene and open the Pleistocene 
with the great uplift which inaugurated the canon cutting. 
This view seems to have been held by most students of Sierra 
Nevada geomorphology. 

The correlation of the Sierran canon with the Ozarkian 
canon valleys of the eastern states is based on the assumption 
that the great Sierra Nevada uplift was virtually contempo- 
raneous with the post-Lafayette uplift which inaugurated the 
Pleistocene in the Mississippi basin, a proposition which has 
not yet been proved and, until the intervening interior basin, 
Rocky mountains and g^eat plains have been more thoroughly 
studied as to their Pleistocene history, it must remain conjec- 
tural. I am averse to correlating erosion cycles on opposite 
sides of the continent. Earth movements in the Pacific Coast 
country have been of such different character from those which 
affected the region east of the gteat plains that it is far 
from certain that they were parts of the sante crustal disturb- 
ances. 

The Sierran valleys — narrow, steep-sided gorges, 1,000 to 
over 3,000 feet in depth, trenchea into quite resistant forma- 
tions — cannot be directly compared with the Ozarkian valleys 
of the Mississippi basin, which are much shallower, relatively 
wider, but excavated in softer formations. Taking into con- 
sideration the difference in conditions under which the erosion 
was affected, we may easily reconcile the contrasts and refer 
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both systems to approximately the same period of erosion, but 
the personal element enters too largely into this opinion to give 
it much value as a basis for correlation. 

There are not in the great valley bordering on the Sierra 
Nevada province nor in the mountain region itself any fos- 
siliferous sedimentary deposits between the lone and a middle 
Pleistocene formation by which to fix paleontologically the 
time of the great uplift. Furthermore, at the present we can- 
not positively identify its equivalent in the Coast Range re- 
gion and Qur supposition that it was contemporaneous with the 
uplift and truncation of the Merced formation — the latest Pli- 
ocene recognized on the Pacific coast — is based on little more 
than theoretical deduction. 

All that we can be reasonably certain of is that the incep- 
tion of the canon cutting in the Sierra Nevada region ante- 
dated the opening of the Glacial period as that term is used in 
the eastern states and hence the Sierran period was contempo- 
raneous in part, at least, with the Ozarkian ; for it will hardly 
be disputed that such profound canons must have been the 
work of a longer period than the Glacial division of the Pleis- 
tocene. 

The erosion of the canons is supposed to have continued 
uninterrupted to the time of the glaci^tion of the upper courses 
of the main streams. As a matter of fact, the glaciation of the 
high Sierras had very little effect on the canon cutting lower 
down. The erosion is in progress today, perhaps as vigorous- 
ly as ever. 

I'nder LeConte*s definition, Sierran apparently covers at 
least part of the Ozarkian or pre-glacial portion of the Pleis- 
tocene and nearly the whole of the Glacial period as the latter 
has been established in the eastern states and Europe. Many 
Pacific coast geologists do not seem to appreciate the com- 
plexity and length of the Glacial period. They refer to the 
short and comparatively recent glaciation in the Sierra Nevada 
region as though it were approximately equivalent to the 
whole scries of events in eastern glaciation. Sierra Nevada 
glaciation is extremely interesting because of its Alpine fea- 
tures : but when it comes to a matter of time, it is hardly worth 
mentioning. Tn the Klamath region, I have not seen a trace 
of any (ilacial action older than the Wisconsin epoch, and I 
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have not heard of anything in the Sierra Nevada region which 
can be referred to the lowan or any older glacial epoch. 

The so-called "glacial period" in the California mountains 
occupied the last one-twentieth or perhaps the last one-fiftieth 
of the Glacial period as the term is used in the east and in 
Europe. A large part of the canon cutting in the Sierra Ne- 
vada region may have been accomplished during the Kansan, 
Illinoian and lowan glacial epochs and the still longer inter- 
glacial epochs. Certainly, with the steep gradients, the Sierra 
Nevada streams were doing something during the long time 
which elapsed between the Kansan and Wisconsin epochs. I 
should say that probably one-third of the caiion cutting was 
Kansan and later in age. 

I have avoided applying the term Ozarkian in California 
because, the Glacial period being so very imperfectly repre- 
sented here, I could not distinguish the work of the Ozarkian 
from that of later time. The preceding discussion empha- 
sizes the facts that there was a marked uplift of the Sierra 
Nevada province probably at about the opening of the Pleisto- 
cene period; that the exact date, relative tocrustal movenients 
in other regions, of the inception of this uplift cannot be es- 
tablished at present; that the elevated condition continued 
through the Glacial period; that no interruption leaving ap- 
preciable effects occurred until near the close of the Glacial 
period ; that it is inadvisable to correlate the canons with any 
event in the geology of the eastern states; that the period of 
canon cutting on the Pacific coast was a very strongly marked 
one, deserves general recognition and a specific designation; 
and that the term Sierran as applied to it is very acceptable, 
but its use should be confined to the Pacific coast countr>'. 
Taxonomically, it is apparently almost equivalent to Pleisto- 
cene. 

Berkeley, Calif., Nov. 19, 1901. 
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THE AREAL GEOLOGY OF, THE CASTLE ROCK 

REGION, COLORADO. 

WiLLit T. LrBB, Trinidad. Colo. 
PLATE IV. 

The. Castle Rock region lies along the eastern slope of the 
• Rocky mountains, south of Denver, Colorado. It is bordered 
on the north by the area known as the Denver basin, the geol- 
ogy of which is g^ven in monograph No. 27 of the United 
States geological survey. The area over which my studies ex- 
tended is shown in part in the accompanying sketch map 
(plate IV). It covers parts of the Platte Canyon and Castle 
Rock quadrangles of the United States geological survey. 
For a distance of 30 or 40 miles east of the area mapped, only 
the younger formations, the Tertiary, appear at the surface. 
To the south of this area the Tertiary extends over the up- 
turned edges of the older sedimentary formations and lies in 
contact with the crystallines of the mountains for a distance of 
about six miles. Near Deadman creek the older formations 
re-appear. 

The geological formiations of this region range from pre- 
Cambrian to Tertiary. With the excepticm of the youngest, 
the sedimentary formations are all more or less upturned 
against the mountains, the harder strata forming the "hog- 
backs" of the foot hills region. 

I. — Cambrian. — Near Deadman creek, six miles south of 
the area shown in the accompanying map, occurs a limited ex- 
posure of deep red quartzyte about 25 feet thick. It rests at 
a high inclination on the eastern face of the front range of 
these mountains. In Manitou park, which lies west of this 
range, a few miles from the region in question, occurs a red 
quartzyte which Mr. Whitman Cross refers, though with some 
doubt, to the Cambrian.* The quartzyte at Deadman creek 
corresponds in character and stratigraphic position with the 
Cambrian quartzyte of Manitou park and may be of the same 
a^e. 

2. — Ordovician. — Above the red quartzyte appears a series 
of cherty limestone layers interstratified with red clay. Brachi- 
opodi fxooL this limestone were submitted to Dr. Stuart Wel- 
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ler, of Chicago University, who determined some of the best 
preserved specimens to be Dalmanella testudinaria and the age 
of the scries Ordovician. Other forms are present, but the 
specinnens were too poorly preserved for specific identification. 
A second exposure of limestone similar to the first and simi- 
larly placed occurs within the region shown in the accompany- 
ing map, but no fossils were found in it. Its character and 
position, however, are such as to make it probably of the same 
age as the Ordovician of Deadman creek. 

3. — Carboniferous. — It has been known since the time of 
Hayden's survey that Carboniferous strata occur in Perry 
park. Mr. Whitman Cross made a small collection of fossils 
from this formation fome years ago. They were identified by 
Mr. George H. Girty, of the United States geological survey. 
My own collection was also examined by Mr. Girty, who has 

kindly furnished me with the following list : 

Orthothetes inaequalis Seminula sulKiuadrata (?) 

Spirifer centronotus Cranaena n. sp. 

Spirifer sp. b. Myalina arkansasana 

Spiriferina solidirostris (?) Aviculopecten sp. 

Regarding the age of the fonr.ation in which these fossils 
occur, Mr. Girty says in a private letter : "I feel satisfied that 
the horizon is Lower Carboniferous and think it probable that 
it comes in the middle portion, though this is less certain." 

Fossils occur in a thin seam of cherty limestone, about 
fifty feet from the base of the formation. The fossil-bearing 
seam is exposed in the north bank of the stream flowing 
through the park. At the base of the formation occur forty 
feet of coarse-grained, crumbling sandstone, conglomeratic in 
places, and mottled in varying shades of red and gray. Above 
this sandstone is a series, ten to fifteen feet thick, of deep red 
to white cherty limestone in layers, alternating with red 
shale. Near the top of this series is the fossiliferous seam. 
Abovie is a series of several hundred feet of coarse-grained 
sandstones and conglomerates which appear to be perfectly 
conformable with the fossiliferous series. They are colored 
irregularly in various shades of red and gray to an extent 
which gives the scries a conspicuous mottled appearance. 
The gray predominates near the base. From thence upward, 
the red becomes prominent and the series passes gradually into 
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the so-called "Trias" — ^the Red Beds. No line of demarka- 
tion was found between this formation and the Trias. 

Mr. Cross in his study of the Pikes Peak region* describes 
a similar series which he calls the Fountain formation, the 
thickness of which he estimates at 1,000 feet. According to 
his description, the Fountain is very similar to the Perry Park 
beds. He says, — "They are* chiefly coarse-grained, crimibling, 
arkose sandstones in heavy banks showing cross bedding. 
They are locally conglomeratic, mottled with gray and various 
light shades of red. * * * Near the base and at intervals 
throughout the series, are very dark red or purplish layers of 
arenaceous clay or fine-grained sandstone." This reads as if it 
were written for the Perry Park beds. The Pikes Peak quadran- 
gle comers upon the Castle Rock quadrangle. It is, therefore, 
near enough to give weight to correlation on stratigraphic and 
lithologic grounds. It is probable, therefore, that some part 
at least of the sandstone series above the fossiliferous lime- 
stone of Perry Park is an equivalent of the Fountain 'forma- 
tion. Mr. Cross shows that the Fountain probably belongs to 
the Carboniferous. If this be true it is possible that some part 
of the Red Beds along the mountain front which have been 
called Trias may belong to an earlier age. If the fossil bearing 
stratum marks the middle of the lower Carboniferous as Mr. 
Girty thinks ; and if the overlying sandstones and conglomer- 
ates are also Carboniferous; and if these together with the 
Red Beds proper — the so-called Trias — make a conformable 
group, as seems to be the case, it would seem rational in the 
absence of evidence to the contrary, to refer at least the lower 
part of the Red Beds to the Carboniferous, as Hayden sug- 
gested in his report of 1874 (p. 42). It seems rational, furth- 
ermore, to suppose that the Permian may also be represented 
in the Red Beds. This supposition is borne out to some ex- 
tent by the facts published in another article in which I have 
shown that the Red Beds of the mountain front extend east- 
ward and southward without obvious change in character to 
the Canadian river. New Mexico, where they are referred to 
the Permian by R. T. Hill. 

4 — II, — The Red Beds, Morrison, Dakota, Benton, Nio- 
brara, Fort Pierre, Fox Hills, and Laramie are all represented 
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in the Castle Rock region. They are the wide spread and well 
known formations of the western interior and may be passed 
over at present with little comment. Their general distribu- 
tion is perhaps sufficiently indicated by the accompanying map. 
The sandstones and conglomerates of Perry park, which have 
just been described, lie at an inclination of something like ten 
degfrees. As already shown, it is doubtful how much of this 
series belongs to the formation commonly known as Trias. 
There is, however, a group of nearly vertical red strata east of 
the park forming the wall which divides the park from the 
plains region to the east. There is no doubt that this ver- 
tical series is a part of what is here referred to as the Red Beds 
proper. Near the top of this series in Perry park occurs a 
heavy bed of gypsum. It outcrops for a distance of about 
eight miles, and attains a thickness in places of fifty to seventy- 
five feet. It is not found beyond the limits of the park. 
The thickness of the gypsum varies within short distances, the 
variation being due in some cases at least to a local thinning 
from bottom upward. 

Fossils were found in the Morrison, Benton, Niobrara, and 
Ft. Pierre. The Morrison yields dinosaurs, but only fragments 
have thus far been excavated. A small collection of inverte- 
brates from the Benton near Deadman creek south of the 
southern border of the area mapped contained the following 

species.* 

Ostrea congesta var. bentonensis, Inoceramus platiiius, 

Inoceramus gilberti, Prionocyclus wyoniingensis, 

" labiatus, Baculites sp. 

The Niobrara limestone contains great numbers of Inocera- 
mus defer mis. The lower member of this limestone in Perry 
park is a tough brown stratum composed principally of frag- 
mentary shells. Among these, Ostrea congesta var. niohrar- 
ensis and Inoceramus pinnatus were recognized. A number of 
shark's teeth were also found. The Ft. Pierre of Perry park 
yielded the following: 

Lucin.t occidciitalis Baculilrs oxatiis 

Inoccranuis h.irblnl Ainmoiiilies s{i. 

These forms occur in masses of shell lime^itone which re- 
semble the "teepe buttes", of central and eastern Colorado. f 
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The buttes of Perry park, if they can properly be called such, 
are more irregular in form and composition than those from 
the undisturbed region from which they were originally de- 
scribed, and the shells, although numerous, do not form so 
large a part of the mass. The species found in greatest abund- 
ance is Lucina occidentalis. 

« 

12, — Arapahoe, — The type area of the Arapahoe is the 
Denver basin, lying immediately north of the Castle Rock area. 
This formation together with the Denver beds, lies above the 
undoubted Laramie and below the undoubted Tertiary. The 
Arapahoe is separated from the Laramie, as shown by Mr. 
Cross,* by a notable time division. But because of the dino- 
saurs found in it (Ceratops), the Arapahoe has been referred 
to the Mesozoic. The geographical extent of this formaticn is 
unknown. Mr. Emmons f states that "vertebrate fossils char- 
acteristic of the post-Laramie formations have been observed 
by professor Marsh in Monument park (a few miles south of 
the limit of the Castle Rock region) and remnants of beds re- 
sembling the Arapahoe and Denver have been observed near 
Canon City which may have been contemporaneously depos- 
ited, but whether the lake was continuous along the mountain 
front, or there were several small isolated basins, it is as yet 
impossible to determine." In the samie connection he state* 
that at the base, occurs 50 to 200 feet of conglomerate which 
contains fragments of nearly all the older formations of the 
region. This conglomerate is found in the Cas le Rock region. 
It was observed near the northern border where it extends 
southward from its type area, the Denver basin. Thence south- 
ward, it was observed at short intervals to a ix)int southeast of 
Perry park, where it di8api>ears beneath the Monument Creek 
beds. It reappears again about six miles south of the southern 
border of the region mapped, and extends thence beyond the 
area examined. In the Denver basin the conglomerate is over- 
lain by a shale series. No shales were observed in t' e Castle 
Rock region which could be definitely referred to the 
Arapahoe. 

The conglomerate stands nearly vertical and forms a line 
of prominent monuments. In composition it resembles closely 
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some of the overlying Monument Creek -beds^. In some cases 
the two cannot be satisfactcrily distinguished ^Pl^ss the dip 
c^n be determined. The Arapahoe stands weArly vertical, 
while the highest inclination noted in the undoubted IMonunient 
Creek beds is 45 degrees. In some cases st ata of inteiiriediate 
dip could not be referred definitely to either formation. 'Tfae 
thickness of the Arapahoe conglomerate is greater in the Castle 
Rock region than in the Denver basin. Near the northern bor- 
der a thickness of 200 feet is exposed. How much thicker it is 
at this point could not be dettmiined. South of Indian creek a 
vertical series which seems to belong to the Arapahoe, is some- 
thing like 500 feet thick. The ex])osures arc numerous enough 
to warrant the supposition that the formation extended unin- 
terruptedly across the Cattle Rock region. The only points 
of serious doubt are, first, across the Platte-Arkansas divide, 
near the southern border of the area mapped, where the Monu- 
ment Creek beds cover the older formations, and second » a few 
miles north of Perry park where the Arapihoe ai)p roaches the 
mountains so closely as to be covered, if present, by the crys- 
talline debris. 

13, — Monument Creek. The Monument Creek formation 
wai originally described and named by Ha} den. It has been 
referred by Emmons and others to the Miocene. It forms one 
of the so-called Tertiary lake deposits. It is composed of co»n- 
glomerates, breccias, sands and clays which alternate and in- 
termingle and grade into each other in the most lawless man- 
ner. There are beds of coarse conglomerate and breccia with 
no clay ; beds of the same with clay filling the interstices ; beds 
of sand and clay with a few large fragments; beds of pure 
sand and beds of pure clay. Much of the clay is v*olored, the 
dull shades predominating. Fire clay occurs in several places. 
Many of the beds have a strikingly massive appearance. Ver- 
tical sections of twenty and thirty feet are common in which 
little evidence of bedding is seen. In many places tli^ beds 
bear evidence of tunmiltuous deposit. The materials sliow lit- 
tle evidence of sorting. Coarse and fine; angular and rounded 
are all thrown together in confusion. Cross-beddrng is fre- 
quent and the cross-bedded layers themselves truncated and 
crossed. The induration of the beds is as unequal as the distri- 
bution of the materials composing them. In general, the sands 
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and gravels are.4QD?e,5r very feebly cemented, [hit here and 
there they arii'.coA solid ated into resistant masses. This in- 
equality of.itWnration aids erosion in producing a great variety 
of erratic topographic forms which give name to Monument 
,erferfc'*4r'om which the formation derives its name. Agatized 
'*t»o<i is found in great abundance throughout the formation, 
■""but no specific determinations have been made. 

14, — Rhyolyte. Above the Monument creek beds lie mass- 
es of rhyolitic tufT. This tuff has been noted by Hayden and 
others. It forms more or less of a sheet, — or siieets, in some 
places, — while in others, it occurs in somewhat irregular masses 
more or less intermingled with sand,_ gravel and clay. In 
places tJie tuff abuts abruptly against gravel beds in a manner 
which is strongly suggestive of an old stream bed filled with 
the tuff. Above the tuff, occurs a sheet of glassy rhyolyte 
about twenty-five feet thick which forms the jirotecting cap of 
several of the buttes near Castle rock. This rhyolyte is used 
extensively as a building stone in Denver and other cities of 
Colorado. The examination of thin sections shows, according 
to Prof. J. P. Iddings to whom they were submitted that the 
rhyolyte is a flow, but its place of ejection is unknown. 

15, — Castle Conglomerate. The youngest formation in the 
Castle Rock region is a part at least of what has been called 
by Hayden and others the Upper Monument Creek formation. 
The term seems never to have been very definitely applied. As 
used in this paper, the formation consists of the massive con- 
glomerate above the lava, having a maximum thickness of 
ninety feet, and containing fragments of the rhyolyte obtained 
from the underlying flow. The conglomerate is massive and 
compact, with the constituent parts firmly packed and cement- 
ed. It is composed of coarse, angular, subangular and rounded 
masses firmly set in finer material. The constituents are de- 
rived from the older formations in the mountain regions to the 
west. There are pebbles and boulders of quartz, quartz\te, 
granite, etc., from the crystalline regions, and fragments of 
sandstone, limestone and conglomerate from the older sedi- 
mentary beds. But the distinctive character of this formation 
is the presence of fragments of rhyolyte. These fragments are 
sometimes five feel in liiamclcr though the lar^'cr ones are not 
They nsnally have J^^^px .slightly wurn edges 
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within the region mapped, but further to the east they are 
water-worn. These upper beds, then, differ in character from 
those of the lower division ; they are separated from it by vol- 
canic tuffs and flows of rhyolyte and by an unconformity rep- 
resenting a period of erosion as shown by the presence in it of 
the material from the underlying rhyolyte. It is, therefore, 
separate and distinct from the lower division. Added to this 
is the obvious inconvenience of a ctimbersome name. For these 
reasons I have ventured to restrict the use of the name. Monu- 
ment Creek, to the lower division and suggest a new name. 
Castle conglomerate, for the upper division, — the name is de- 
rived from the typical development of the formation on Castle 
Rock butte. 

The name originally applied by Hayden is thus retained 
for the formation which is best known, and a new and less 
cumbersome name given to the less extensive and little known 
formation. 

The areal distribution of the Monument Creek, the rhyo- 
lyte, and the Castle conglomerate is not given on the accom- 
panying map. They lie for the most part east of the region 
shown in the map. The rhyolyte is found on or near the tops 
of the buttes and mesas which abound in this region, and ex- 
tends from the northern border southward to Palmer lake, and 
eastward something like twenty miles from the mountains. 
The Castle conglomerate extends from the northern border 
southward beyond the center of the Castle Rock region, and 
eastward something like fifty miles. 

Structure, 

I. Castle Arch, — There are two notable structural features 
in this region, — the Castle arch and the Perry Park syncline. 
The arch is a structure similar to the one near Golden, Colo- 
rado, described by Mr. Eldredge in the "Geology of the Den- 
ver Basin.'* The Castle arch is found west of Castle Rock — 
the town from which the name is derived. For want of a 
better objective point, I shall refer to the place where the Mon- 
ument Creek beds come in contact with the crystallines of the 
mountains, as the crest of the arch. The relations of the sev- 
eral formations to the arch and to each other are unfortunately 
obscured near the base of the mountains by crystalline debris, 
especially near this crest. But several points could be made 
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out with some degree of certainty, i. The Carboniferous 
strata of Perry park together with the mottled l)eds of doubt- 
ful age, abut against the crystallines which form the southern 
base of the arch. 2. The Red Beds also thin from bottom up- 
ward as they approach the* crest. The gypsum at the top of 
the Red Beds approaches the crystallines and is found close to 
them near the crest of the arch. 3. The Dakota sandstone is 
absent for a distance of about six miles across the crest — un- 
less a limited exposure of vertical sandstone just north of the 
crest is in part Dakota. It was not determined whether the 
absence of the Dakota is due to non-deposition or to erosion. 
4. On the north side, the basal stratum of the Niobrara lime- 
stone extends beyond the older formations and comes nearly 
if not quite in contact with the crystallines. 5. There is a 
notable development of Ft. Pierre shales both north and south 
•of the crest. The maximum thickness for the Denver basin 
is estimated at 7,700 feet. It is probably thicker in Perry park 
than at any point within the Denver basin. This shale thins 
toward the crest of the arch from cither direction. 6. The 
strike of the Laramie south of the arch renders it doubtful 
whether that formation ever extended over the crest. 7. The 
Arapahoe lies across the truncated edges of the older forma- 
tions from the Laramie to the Red Beds. Beyond this, in the 
region of the crest, it could not be definitely followed ow ng 
to the surface debris. 

If the physical conditions be reconstructed by which these 
relations were brought about, we should probably have some- 
thing like the following, — An east- west elevation of tlu* crys- 
talline rocks existed as early as the Carboniferous period, 
against which the sediments of that period were deposited. 
This elevation remained at least during the early part of the 
Red Beds period. There was an arching either near the be- 
ginning of the Dakota i>eriod resulting in the non-deposition 
of the Dakota, or after its close, resulting in the removal of the 
Dakota from the crest. It is probable that the first alternative 
is the correct one and that the region was affected by the "early 
Cretaceous movement" of Mr. Emmons.* At the close of the 
Niobrara epoch, a notable re-elevation occurred. This move- 
ment has been called by Mr. Emmons, the "mid-Cretaceous 
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movement.'' Mr. Eldridge estimates that the arch at Golden, 
Colorado, was elevated 9,500 feet at this time. The estimate 
was made from the thickness of the Ft. Pierre shales which 
were deposited against the arch and finally covered it. A sim- 
ilar estimate for the Castle arch would show at least asi great 
an elevation. The width of the belt occupied by the shales in 
I'erry park is great. The shales lie at an inclination of 45* to 
90°. Their computed thickness is at least as great as the max- 
imum given for the Denver basin (7,700 feet). (I have made 
no attempt to distinguish between the Ft. Pierre and the Fox 
Hills. The latter is inconspicuous in this region. The great 
bulk of the Montana shown on the map is Ft. Pierre.) It 
seems probable on insi>ection of the present distribution of the 
foniiations, that the shales never entirely covered the Castle 
arch. It seems safe, therefore, to assume that the elevat on of 
the arch, measured from the southern side was at least as great 
as that of the Golden arch at this time (9,500 feet). This, how- 
ever, would be a measure of the amount of subsidence in the 
syncline, to be described later, as well as the elevation of the 
arch. 

In this region as elsewhere in the Rocky mountains the dis- 
turbance at the close of the Laramie epoch was one of great 
importance and one by which radical changes were introduced. 
The Castle arch was destroyed at this time, partly by crushing 
and flattening, and partly by faulting. Ridges were thrown up 
at rigjit angles to its axis (the present foot hills) and the 
mountain region to the west, greatly elevated. This elevation 
and the subsequent period of erosion, previous to the deposi- 
tion of the Arapahoe, has been discussed by Whitman Cross 
in the "Geology of the Denver Basin" and elsewhere. Some- 
thing of the extent of the movement and the length of the per- 
iod of erosion is indicated by the conglomeratic nature of the 
Arapahoe which contains pebbles from all the older formations 
of the region, and by its positron south of Indian creek where 
it lies across the truncated edges of the older formations. 

It is probable that in addition to the flattening of the arch, 
there was faulting in the vicinity of the crest by which the 
southern side was dropped to a considerable extent, tilting the 
Perry park block to the north and causing the strata in their 
present upturned condition to rest further to the west on the 



io6 The American Geologist. February, 1902. 

south side, than on the north side of the crest. The somewhat 
extensive erosion which took place north of the crest previous 
to the deposition of the Arapahoe and which is shown by the 
truncation of the older formations is perhaps best explained by 
such a postulate. No such fault was located, but this could 
scarcely be expected since the Monument Creek beds extend 
nearly if not quite to the crystallines at this point, thus cover- 
ing any fault lines which may have existed at the surface pre- 
vious to the deposition of these beds. 

I have postulated an east-west arch in the belief that it 
offers the best explanation of the stratigraphical distribution of 
the region. The most serious objection seems to lie in the fact 
that the relations at several critical points could not be defi- 
nitely determined owing to the surface debris. Some of the 
phenomena could be satisfactorily accounted for by the tilting, 
faulting and thrusting which accompanied the mountain form- 
ation. But these movements, while they played an important 
part, do not seem adequate to explain many of the relations 
such as the absence of the Dakota, the thickening of the Ft. 
Pierre shales, etc. It should be borne in mind that the sedi- 
mentary formations of this region have been upturned to a 
nearly vertical position. The width of the exposures, there- 
fore, as shown in the accompanying map, nearly represents the 
thickness of the formations. If the map be turned so that the 
west side forms the base, it serves as a vertical section, except 
in the case of the mottled beds of Perry park which lie at a 
low inclination. 

2. Perry Park Syncline,^— (Ferry park should properly be 
defined as the space included between the mountains and the 
vertical wall of Red Beds which forms the eastern boundary. 
For convenience in the following discussion, however, I shall 
refer to the whole region containing the upturned Mesozoic 
formations shown in the center of the map, as Perry p^rk.) 
The second structural feature of the region is the Perry park 
syncline. ft lies immediately south of the Castle arch and the 
two structures are probably correlative. The southern Hnub of 
the arch forms the northern limb of the syncline. Many of the 
observations, therefore, made in the discussion of the arch 
apply also to the syncline, and if it were not for data more or 
less distinct from those connected with the arch, the peculiari- 
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ties of the region might possibly be accounted for without post- 
ulating a syncline. Some of the more conspicuous of these 
peculiarities are aUs follows: i. The presence of Carbonifer- 
ous strata in Perry park while nothing definitely referable to 
that age is known for a considerable distance either north or 
south of the park. 2. At the top of the Red Beds, a heavy 
stratum of gypsum occurs which is confined to the park. It 
thins out in either direction. Its thickness varies abruptly, due 
in some cases at least, to irregularities in the floor upon which 
it was deposited. 3. The Dakota sandstone is present in nor- 
mal development but thins out at either extremity of the park. 
4. The Colorado formations make a prominent hog-back with- 
in the park, but thin out toward the extremities. Some mem- 
bers of the Colorado group, however, extend for some distance 
beyond the points where the hog-back ceases. There is one 
limestone layer about four feet thick which seems to be pecu- 
liar to the park. It was not found elsewhere in the region. It 
is very hard and composed principally of fragmentary shells. 
It forms the crest and is the main cause of the prominence of 
the Colorado hog-back within the park. 5. The local thick- 
ening of the Ft. Pierre shales has been referred to, perhaps 
sufficiently. It should be noted in this connection, however, 
that there is evidence of thinning toward the south, although 
it is not so conspicuous as in the northern limb. 6. A some- 
what different group of data is found in the attitude of the 
hog-backs in the park. The upturned strata composing them 
are broken into four distinct sections. Unfortunately these 
sections which are so distinct in the field cannot be adequately 
represented on the topographic map from which the accom- 
panying map is taken. The first section to the north strikes 
N. 7*E. with the strata either vertical or overturned to a 
greater or less extent. The second section strikes N. 57*'W. 
with nearly vertical strata. The third strikes practically east 
and west with strata dipping less than 10°. The fourth, or 
southernmost turns again to a nearly north-south direction 
with the strata vertical. 

These peculiarities both of form and structure, seem to be 
best accounted for by postulating a synclinal structure of long 
duration. According to this postulate there was: i, a synclinal 
trough in the crystallines in which the Carboniferous strata 
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of the northern limb. When the change in folding which had 
formerly been by north-south thrust, was changed to an east- 
west thrust, the tilted syncline was doubled on its axis. At the 
base were hard strata — the sandstones and conglomerates of 
the Red Beds, the Dakota sandstone and the Colorado lime- 
stones. The body of the trough was filled with thousands of 
feet of soft shale. When the folding occurred, there was a 
tendency to bring the lower hard strata which had been pre- 
viously bent downward in the form of an arc, into a straight 
line, thus shortening the line of outcrop. This shortening was 
accompanied by a breaking and arching of the harder strata 
into the soft shales above. The attitude of these sections may 
be illustrated by bending pieces of cardboard first into the 
form of a trough, and then doubling them upon their axis. 

As a corollary of the foregoing discussion, the question 
arises whether the great thickness of the shale in Perry park 
and elsewhere is due wholly to deposition, or due in some meas- 
ure to mechanical thickening produced by the movements 
wliich upturned the strata. It is only in the disturbed regions 
along the mountain front that great thicknesses such as that 
found in the Castle Rock and Denver regions occur. Where 
the shales lie in a horizontal position in undisturbed regions 
they do not, so far as known, attain such thicknesses as those 
shown in the upturned belt along the mountain front. A short 
distance, a mile or two at most, the various formations are 
found in a nearly horizontal position. It follows from this 
that the angle of bending lies at no great depth and that the 
shales, lying as they do above the hard strata, would be strongly 
compressed in the angle of flexure. Soft shale, such as that of 
the Ft. Pierre, would probably act as a plastic body in case of 
disturbance. This seems to be exemplified in Perry park. The 
more resistent layers, the Dakota sandstone and the Colorado 
limestone, broke and moved in blocks as previously explained. 
No evidence of such breaking appears in the shales. It is 
probable thst while the original thickness of the shales in this 
r^jion was considerable, it has been very materially increased 
hy mechanical thickening. If this be true, the estimates of the 
amount of elevation and depression made from the observed 
thickness of the shales should be materially modified, 

Trinidad, Colo. 
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COMPTE RENDU, Vlll CONGRES CEOLOCIQUE 
INTERNATIONAL, PARIS, I 900. 

PHmiFOH PsAiHH. Philadelphia. 

In the preface Dr. Barrois modestly excuses himself for 
requiring a double volume to give as interesting and varied 
matter concerning geology as was ever printed in the same 
space. He is not literally exact in saying that every previous 
Congress had expressed itself strongly in favor of having its 
proceedings published as soon as possible. At the Berlin coti- 
gress of 1885, the subject was broached but it was allowed to 
pass with the remark so characteristic of large bodies of good 
natured men, that those in charge would no doubt print the 
transactions as soon as possible. At London, the confusion 
and loss of time consequent upon the absence of an authorized 
version of the proceedings and especially of the steps which 
had been taken to secure conformity in nomenclaHiie, map col- 
oring etc., stimulated the congress to pass a very rlecided res- 
olution that the proceedings should be printed wi'.'i n a year if 
possible and if not, with the least delay. Yet the volume ap- 
I)eared in little less than three years in spite of the energj- of 
(he secretary, Dr. C. Le\eve Foster, with the cooperation of 
the President, professor Prestwich. The Washington (1891) 
volume was also tardy, as was that of Zurich (1894) in spite 
of the fact that neither had to disjxise of so many difficult 
problems as the congresses of Bologna (1881), Berlin {1885), 
and London (1888); an<l also that quite strong instructions 
were given the publishing board at Zurich to expedite the 
issue of the volume. At St. Petersburg {1897) these instruc- 
tions were repeated, but if over two years elapsed before the 
volume ap|>earcd, its value was in large measure a compensa- 
tion for waiting. Here, however, is a volume which, while not 
so prodigally illustrated as the Bologna compte rendu, eaaly 
outstriits ail of its predecessors in bulk and value, and vet it is 
the first to appear nearly within the time so often f\\i\l 
The divided volume consists of seven parts as t'>lli 
I. List of nu'mlwrs. It is only fair to note thu 
care i>( the secretary gi'neral. Dr. Charles Barrois, ■ 
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is visible in all parts of this work. A hasty glance through 
the list of names reveals fewer mistakes in spelling the proper 
names of German, English, Italian, Russian etc., savants than 
can generally be claimed for an international list. 

2. The programmes and proposed regulations of the con- 
gress ; chiefly taken from circulars and announcements issued 
to geologists in advance of its meeting. 

3. The proceedings of the meetings of the council and of 
the Congress. Bulletins of the preceding day containing the 
proposed order of business for the day they were received 
were distributed, subject to correction, each morning of the 
sessions, but to insure greater accuracy a second edition was 
sent in April to all the nsembers, and the corrections which 
were received are embodied in the permanent volume. 

4. The reports of the committees and communications re- ' 
lating to the collective works of the Congress. 

5. Memoirs presented and corrected by their authors, in- 
serted in the order in which they were returned to the sec- 
retaries. Communications not so returned before the first of 
last April were resumed by the secretaries and inserted into 
the proceedings. 

6. Succinct resume of the excursions. 

7. The petrographical lexicon. 

On Section II. p. 65 an error occurs in giving the status 
of the members of the U. S. Geological Survey as "delegates 
of the government of the United States of America." While 
the said government would doubtless be glad to be represented 
by so efficient a list as Bailey Willis, Hague, and Ward, in 
point of fact the U. S. Government made no appointment 
at all to the Congress unless the present writer is misinformed. 
These gentlemen were supposed to be appointed by the Bureau 
of the U. S. Geological Survey, i. e. by themselves or their 
chief, Mr. Walcott. 

Business Transactions at the Sessions of the Council 
I. The subjects to be presented to the Congress were di- 
vided into general and tectonic geolog>', stratigraphy and 
ffltology, niincralog)' and petrography, and applied geol- 
"" eikie TA), Zitiel, Schmeisser, and Zirkel were 

tsidents of these sections respectively. II. Oral 
* limited to fifteen minutes. Subjects not re- 
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relating te the general questions suggested by the Congres» 
not to exceed one page in the volume. M. Karpinsky pre- 
sents the report of the SpendiarofE commission which is 
printed. It gives the regulations by the minister of agricul- 
ture and domain governing this gift. The 4,000 roiibls are 
to be invested in the Russian sinking fund ; the interest ac- 
cumulating between two sessions of the Congress is to be ap- 
plied to purchasing a prize to be known as the Leonide Spendi- 
aroff prize. Tha management of the interest shall devolve 
upon the Russian Geological Survey or, in case of its aboli- 
tion, to the department of the government which shall have 
charge of the geological works of the empire. The Inter- 
national Congress of Geologists shall propose the subjects 
for competition and award the prize. Xo change in the con- 
ditions shall be made without the consent of M. Spendiaroff 
or his heirs etc., III. M. Karpinsky was selected by the 
bureau acting as jury to be the first recipient of the Inter- 
national Spendiaroff prize. IV, M. Karpinsky is forced to 
take the Spendiaroff prize, V. \"icnna is selected as the place 
of meeting of the Congress, 1903. -A. proposition of M. Cham- 
berlin was politely declined, M. Karpinsky reported the 
progress in Russia toward including instruction in geology 
in the nigher classes of the schools. M. Karpinsky, Tietie, 
de Lapparent, and Tschemyschew discussed the floating in- 
stitute proposed by the last congress. The view seemed to be 
that it was impracticable. The subject was referred to the 
committee to perfect the works of the Ccmgress. VI. Com- 
mittee to effectuate international geological investigations and 
to perfect the work of the congress was named. A, Geikie 
(Chairman), Teall, Credner, Zittel, Mojsisovics, von Mojsvar, 
Tietze, Renard, Chamberlin, Walcott, Ch. Barrois, de Lappar- 
ent, Capellini, Briigger, Karpinsky, Pavlow, Renevier. A 
committee was appointed on motion of M, Oehlert to republish 
photographically ihe types of fossil s[)ecics before the next 
session of the congress. Pavlow, Tschemyschew, Choffat, 
Lindstroni, Lorriol, Chairman V, ZitteL The Spendiaroff jury 
was announced to con<iist of M. Herirand, A. Gcikic, Kar- 
pinsky, Tschemyschew. /iriMi, v, /!ittcl. VII. Fimctions of 
the Bureau of the Congr.-s n-affiniitd and de£ 
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ScientiHc memoirs presented by thtir mttkors. 

I. Prc-cambrian fossiliferous formations. A very interesting re- 
sume by the Director of the U. S. Geological Survey of the studies 
which he has so greatly assisted by his personal researches. C. D. 
Walcott. 14 pp. 

n. I he oldest paleozoic faunas, a very succinct statement of the 
classes of paleozoic fossils in New Brunswick, Cape Breton, and New 
Foundland. G. F. Matthew. 4 pp. 

III. The eastern rim of the northern part of the basin of the 
Atlantic. W. H. Hudteston. 4 pp. 

IV. Old valleys invaded by the sea.' Edward Hull. 3 PP- 

V. Dynamomelamofphisni and piezocrystallization. E. Weinschenk, 
16 pp. 

VI. Nomenclature of metamorphic contact rocks. W. Solomon. 
5 pp. 

VII. Comparison of the Portlandian of Russia with that of 
Boulogne. A. F. Pavlow. 3 pp. 

VIII. Methods which may contribute to the elaboration of the 
genetic classification of fossils. A. P. Pavlow. 4 pp. 

IX. Precise methods actually employed in the study of vertebrate 
f«si[s- in the United States. H, F. Osborn. 4 pp. 

X. Correlation of horizons of Tertiary mammifers In Europe 
and America. H. F. Osborn. 7 pp. 

XI. Tertiary volcanic phenomena of the Absaroka chain (Wy- 
oming). Arnold Hague. 2 pp. 

XII. Researches into the actual state of the volcanoes of Centisl 
Italy. V. Sabatina. 11 pp. 

XIII. Attempt at a general classification of rocks. F. Sacco. 3 pp. 

XIV. On the glaciers and geology of the countries discovered 
by the Belgian antarctic expedition. H. Araowski. i p. 

XV. On the method of expressing and representing the direction 
ud inclination of beds. O. Vorwcrg, 2 pp. 

XVI. Saline water of water bearing areas in the north of France. 
M. Gosselet. 3 pp. 

XVII. Classification of the Tertiary terranes of Aquitaine; V, 
Raulin. 3 pp. 

XVIII. Instruction in practical geology. L. de Launay. 5 PP- 

XIX. Progress in the production of precious stones in the United 
States, G. F. Kunz. 3 pp. 

XX. Geological formation of Holland and the drabing of the 
Zuyderzee. G. J. G. Van der Veur. 8 pp. 

XXI. The recent subterranean explorations and the progress of 
Spoleolog)'. E. A. Martel. 15 Pp. 

XXII. Geological observations in the grottoes of the Curi and 
of the Yoniic A, Parat, i» pp. 

XXIII. The Jurtssic terrane of Madagascar. H, Douvill*. 10 
[contains much new material). 
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XXIV. Geological explorations of J. De Morgsm in Persia. H 
Douville. 8 pp. 

XXV. Geological history of graphite. E. VVcinschenk, 11 pp. 

XXVI. Gelosic and Humic coals. C. Eg. Bertrand. 40 PP- 

XXVII. Note on the fossil flora of Tonkin. R. Zeiller. 4 pp. 

XXVIII. On the transformation of plants iiiio combustible fos- 
sils. L. Lemiere. 19 pp. 

XXIX. The basin of the Loire. C. Grand'Eury. 18 pp. 

XXX. Origin, Nature, and Distribution of the elements of de- 
struction of the Vosges. B I richer. 5 pp. 

XXXI. Some late movements of the soil in the basins of the 
Seine and Loire. G. DolKus, 17 pp. 

XXXII. The Silurian of Belgium. C. Malaise, ti pp. 

XXXIII. New paths of Belgian geolc^^. M. Mourlon. 12 pp. 

XXXIV. Applied geology and its evolution. E. Van den Broeck. 
IS PP- 

XXXV. The minute structure of the diluvium of the Seine. S. 
Meunier. 18 pp. 

XXXVI. Stratigraphic and experimental study of subterranean 
sedimentation, S. Meonier. 14 pp. 

XXXVn. The intersections and stellations of folds in the mari- 
time Alps. Adrien Guehbard. 15 pp. 

XXXVIIl.The role of some fossil bacterians from a geological 
point of view. B. Renault. 18 pp. 

XXXIX. Some oolitic iron ore beds of the arrondissement of 
Briey. G. Rolland. 9 pp. 

XL. Geology and Palconlolog}- of Madagascar in the present 
stale of our knowledge. M. Boule. 16 pp. 

XLI. Order of the formation of Silicates in igneous rocks. J. 
Joly. 21 pp. 

XLII. Minute mechanism of sedimentation. J. Joly.. 18 pp. 

XLIII. Presentation of the geological map of Algeria. E. Ficheur 
14- PP- 

XLR'. Geological Map of Portugal. J. F, N. Delgado and P. 
Chotfat. 4 pp. 

XLV. Geology of Patagonia. W. B. Scott, a pp. 

XLVI. The flow of glaciers, Harry-Fielding Keid. 7 pp. 

XLVII, Progress in knowledge of the upper CretBcic in PortugaL 
P. Choffai. 18 pp. 

XLVIII. Experiments in denudation by solution of fresh water 
and sea water. J. Joly. 11 w>. 

XEIX. Plateaux of the Hautes-PyrJnfes, and the Dunes of GuM- 
cony. L. A. Fabre. 14 pp. 

L. Role of geology in utiltiration of springs nf potable water. 

LI. Basic rocks accompanying the Lhertotilcs and Ophites of the 
Pyrenees. Lacroix. 33 fp. 
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Lll. Recent geological discoveries in the valley of the Nile and 
of the Ubyen desert. H. J. L. Beadnell. 26 pp. 

LIII. Geology of the eastern desert of Egypt. T. Barron and 
W. F, Hume. 33 i^. 

UV. Rift valleys of the East of Sinai. W. F. Hume, 9 pp. 

LV. Geology of Eastern Sinai. W. F. Hume. 19 pp. 

6. This chapter comprises an appendix to the very full 
program of the excursions, adding many details there omitted 
but nothing of value to repeat in a short review. The jour- 
nals and newspapers of every country have been filled with 
the actual experience of the participants, and it would be 
supererogatory to introduce this subject here. 

7. The gem of the whole double volume lies in its last 
subdivision — the Petrographical Lexicon prepared by Low- 
inson-Lessing with the assistance of various petrographers 
under the auspices of the International Committee of the 
Vlllth Congress. 

Of course it is as impossible to review a lexicon as to 
further concentrate pemican or Liebig's extract, but a word 
may be permitted concerning this new and excellent departure 
of an international scientific congress. If geology were a 
science hke medicine, hoary with age and gouty with tradition, 
its representatives in international concourse assembled would 
not dare to do anything but would content themselves with 
resolutions and discussions. It was one of the objections of 
a former director of the U. S. Geological Survey to this con- 
gress that it could not do anything. It was inadmissible to 
agree upon a nomenclature because that implied foreknowl- 
edge of everything not yet discovered which was to be classi- 
fied under it. It was improper to delimit the groups, series, 
stages, etc., because this restrained the liberty of the many 
field workers each with a corps of assistants who might dis- 
cover something inconsistent with the classifications agreed 
upon. Had this notion prevailed the congress would have 
"become a great ornamental conclave of the representatives of 
"regular" geological organizations throughout the world 
whose duties were partly friendly communion and mutual pre- 
sentation of bouquets. Well, the congress has done several 
definite things and the most valuable of them all is the estab- 
lishment of a rallying point m the rapidly growing science of 
petrograpliy, which threatened to become a crystalline Babel. 
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How many of the details adopted by the congress and 
recommended to students of the science in cartography, no- 
menclature, and petrographic classification, may be ultimately 
changed no one can say, but whatever or however important 
they may be, it will be easier to have them generally adopted 
when they are made as amendments or additions to a rec(^ 
nized code, just as it is easier to pass an intelligible law on the 
basis of a bill which brings the requirements in concrete form 
before the law makers. 

The present lexicon was edited from the preliminary proofs 
of a work on this subject prepared by M. Lowinson-Lessing 
and submitted to the committee on nomenclature and to the 
petrographers of the Vlllth Congress. One hundred copies 
of these proof sheets in French were printed and distributed 
to the above named recipients before the meeting of the lut 
Congress. Of these thirty proofs with proposed changes were 
returned to M. Earrois, and M. Lowinson-Lessing added some 
new material. M. Barrois has shown excellent judgment in 
exercising the responsible task assigned him of deciding be- 
tween conflicting definitions of the same word, and in neces- 
sary suppressions as well as in the choice of what he has 
given. The lexicon will unquestionably be further amended 
and enriched, but even as it stands it is the most positive and 
direct contribution which has ever been made to science by 
so authoritative a body as the Congress of which M. Barrois 
so ably filled the duties of general secreflary, and it is a fitting 
climax to the admirable volume of that Congress's proceed- 
ings. 



EDITORIAL COMMENT. 



The Question of tub Unit op Geological Mapping. 

The growing conviction among the geologists of the United 
States Geological Survey that the requirements laid down in 
the Tenth Annual Report of the Director (f. W. Powel!) fnr 
the construction of maps on the basis of the physical unit 
alone, can effect but a partial and imperfect expression of geo- 
logical events, led to the important coflfercnttkJul winter ^- 
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fore the Geological Society of Washington, in which the lead- 
ing parts were taken by Messrs. Willis, Williams and Cross, 
and which were participated in by Messrs. Diller, Chaitiberlin, 
Van Hise, Powell, Stanton, Clarke and others. The remarks 
of Messrs. Williams and Willis upon this occasion have been 
printed recently in the Journal of Geology. The agitation of 
this matter has resulted in a call by the director of the survey 
for formal consideration of the propositions involved, by a 
committee of which Mr. G. K. Gilbert is chairman. The out- 
come of this purpose to reconsider the principles which should 
guide the geologists of the Federal survey in the field and in 
cartographic expression, will be awaited with interest by all 
American geologists. The condition is essentially a reaction 
against the insufficiency of the old rules for the full expression 
of all geologic data and a recognition both of the impropriety 
of terming a purely physical or lithologic map, a geologic map, 
and also of the essential importance of expressing conjointly 
or independently all possible paleontologic data. 



REVffiW OF RECENT GEOLOGICAL 

LITERATURE. 



Z>/fc' Gcographische I'crbrcitini}^ und EnttoickeliiH^^ des Cambrian, von 
Fritz Frech, Breslau, [Cougres g6)logi(|ue International, St. 
Peten»burg, 1899.] 

This is an endeavor to reconstruct the sea and land th^t existed in 
the Cambrian time, and is based on the observations of various 
authors who have studied the rocks of the Cambrian system, and its 
founas. 

The general principles followed are those enunciated by Neumayr in 
his studies of the Jurassic, and his reconstruction of the seas and 
covitinems of thi't t'mc. For a geography which takes into account 
great regions of the earth's crust, local changes are totally disregarded, 
and the grand paleontolegical and structural features alone afe to 
form the basis of our conclusions. He takes exception to Walcott's 
minute divisions of provinces in America, several of which he thinks 
should be merged into one or two. 

Nevertheless, he bases bis remarks on the Lower Cambrian «f 
America chiefly on the correlations made by Mr. Walcott, and endeavors 
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to trace the basal conglomerates as tne starting point of the Cambrian 
succession, there, and in other parts of the world. 

Freeh remarks upon the rarity of fossils in these conglomerates, 
and the difficulty of determining the part of tke Cambrian which they 
represent, but he seems to assume that they are below the Olcnellus 
teds which he take:- as the oldest fossiliferous Cambrian zone. 

He proceeds to show how this is developed in the (a) Marine 
Basin of the Rocky Mountains and gives a list of the genera which 
he supposes to characterize it; also (b) the North Atlantic Sea with a 
far more numerous and varied suite of genera; also (c) the Punjab 
in India, distinct by its dolomytes and salt deposits. 

The land areas of the Lower Cambrian are then considered with 
proofs Of the existence of an Algonkian and Arctic and a Middle 
European continent. These are determined by the way in which the 
Lower Cambrian overlaps upon the older formations. 

In Middle Cambrian there were advances of the sea upon the land, 
in some countries, but in others a retreat of the ocean; an advance of 
the sea into. Poland, also along the east coast of the British provinces, 
but retreat from the St. Lawrence valley; also he considers that the 
connection with the Arctic sea, existing in the Lower Cambrian time 
was now broken up. 

Then there was the Mediterranean European overlap of the- sea 
extending to Bohemia in the north and to Languedoc and Spain in the 
west. This Prof. Freeh claims to have been an extension of a 
Sardinian Olenellus sea. 

Dr. Freeh also postulates a Pacific ocean of the Cambrian time 
on account of the absence of Paradoxides from all parts of its borders 
and the wide distribution of Olenellus. He calls attention also to 
the occurrence of Dorypyge (Olenoides quadriceps) both with Olenel- 
lus and with the middle Cambrian genera in that region. 

The author then goes on to discuss the Upper Cambrian and itfe 
distribution, in relation to possible land areas specially referring to 
the withdrawal of the sea from the middle European areas, and the 
remarkable overlap of the ocean on large areas of the North Amer- 
ican continent ; thus were separated the Olenus fauna of the Atlantic 
coast, and the Diccllocephalus fauna of the interior. "This may have 
been the first upward arching in the region of the Appalachian." 
Freeh remarks that the beds of southern Europe which have been in- 
terpreted as Upper Cambrian, arc the equivalent of the Tremadoc; 
therefore according to his vie\v not Cambrian. He appears to de 
scribe the Paradoxides bed of Massachusetts as equivalent to the Par- 
abolina and Dictyonema bed of the Acadian provinces, but this may 
not l)e his meaning. 

The remarkable uniformity <>f the Potsdam sandstone as a shore 
deposit of Upper Caml^rian age is something remarkable; it is lik€ 
the feeble coa^t formation of the Obolus sandstone along the north- 
ern shore of the Scandinavian Cambrian sea. The Upper Cambrian 
liorizon is shown by the Dictyonema becN of Belgium and Wales, and 
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to this age the author refers the Cambrian limestone of China, (ex- 
clusive of that which carries Dorypyge). Dr. Freeh considers that 
the Cambrian of the Argentine, of S. E. Australia and Tasmania, be- 
longs to the one Pacific development of the Upper Cambrian. 

One might take exception to some of the remarks in this essay 
a? for instance that which makes the Durness limestone Lower Cam- 
brian ; possibly the Torridon sandstone is intended ; or that which 
makes Anomocare. Acrotreta and Acrothele as specially characteris- 
tic genera of the Rocky mountain Lower Cambrian. The Dorypyge 
of the Rocky mountain Cambrian is spoken of as having no spines to 
the pygidium, perhaps six spines was intended. 

Dr. Freeh thinks that Mr. Walcott's subdivision:! of the American 
Cambrian, into provinces is too minute, and suggests looking at the 
distribution of life in the Cambrian sea from a broader point of view; 
and in fact he makes his Cambrian sea basins in some cases cover the 
whole range of Cambrian time. To him this is a necessity where he 
undertakes to review the Cambrian geography of the globe, where he 
must in large regions depend on fragmentary and most imperfect 
data. The excellence of Walcott's work is that he deals with a smaller 
area from which much more detailed information is available, and 
therefore he can give a clearer and more satisfactory view of geologi- 
cal changes, than if he had attempted a wider field. g. f. m. 

Maryland Geological Survey. Allegany County, 1900. pp. 323, PI. 

29. Eocene, 1901. Pp. 259. PI. 64. Wm. Bullock Clark. Director. 

These two volumes arc the first of two scries to be issued by the 
Mar>'land survey. One series is to deal with county resources, bring- 
ing forward information of economic value. The other series is to 
deal with systematic geology and paleontolog>', embracing the entire 
sequence of Maryland formations, the information being of educa- 
tional and scientific interest. 

The report on Allegany county includes a chapter on the physio- 
graphy by Dr. Cleveland Abbe. It embraces a detailed discussion of 
the surface features of the region, supplementing the author's general 
report on the whole state in "'Maryland Weather Service Report" 
Vol. I. Mr. Cleophas C. O'Harra gives a most excellent account of 
the geology of the county. His section on the interpretation of the 
sedimentary record gives an interesting and instructive account of 
the historical geology. Other chapters deal with mineral resources, 
soils, climate, hydrography, magnetic declination, forests, and flora 
and fauna. Allcijany county is not a geological unit, since its 
structural and stratigraphic features extend far beyond the limits of 
the county. It is, however, well situated for the display of these 
features, which are thus of more than local interest. Structurally, it 
lies within the district of open folding: physiographically. it includes 
part*i of the jrreater Appalachian valley and of the Allegany plateau; 
stratigraphically. it displays a continuous series of sediments from the 
Silurian to the Permian, rich in well preserved fossils. Its economic 
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resources are confined almost wholly to the western part, the chief 
product being coal. 

The Eocene report comprises a stratigraphical account by W. B. 
Clark and G. C. Martin, and a paleontological report by various spe- 
cialists. The point of view is thoroughly modern, the facts being con- 
sidered in their bearing on past physical and llionomic conditions. 
The homogeneous nature of the materials indicates undisturbed con- 
ditions throughout the Eocene. The deposits, which are largely 
glauconitic, were accumulated slowly and far from any coast. They 
contrast strongly with the contemporaneous sediments of the gulf 
region, which are highly diversified and represent accumulations from 
sediment bearing rivers. The strata of the middle Atlantic slope 
therefore are represented in the gulf by deposits many times their 
thickness. It is obvious that faunal differences are to be expected in 
the two regions and that hence the usual method of taking certain 
gulf fossils as typical of the Eocene, does not represent the facts. A 
comparison by means of tables of the moUusca and corals in the two 
regions is made, with the result that although enough common spe- 
cies are known for correlation, yet the range of these common species 
is different in the two localities and many other species are distinct. 
The true basis of stratigraphy is obviously to be found not only in 
a consideration of physical and biological criteria, but also of the ef- 
fects of these conditions on the organisms. The changing and shore 
character of the gulf region produced different faunal changes from 
the quiet deep water Atlantic coast Eocene. 

These two volumes are admirably illustrated and are bound sim- 
ilarly to the previous Maryland reports. They contain colored maps 
and sections, and are in all respects worthy of accompanying their 
predecessors. i. h. 0. 

Kinderhook Faunal Studies: III, The Faunas of Beds No. 3 to No. 

-7, at Burlington, Iowa; by Stuart Weller. (Trans. St. Louis 

Acad. Sci., Vol. XI, pp. 149-214, 1901.) 

The third installment of the Kinderhook Faunal Studies has to do 
with the described fossils from five thin layers, having a total thick- 
ness of about thirty feet, which lie immediately beneath the great 
Burlington limestone, at Burlington, Iowa. The chief importance of 
the memoir lies in the fact that for the first time there are illustrated, 
by good figures, many of the forms described from the locality. The 
drawings of the types described by C. A. White, which are now in 
the University of Michigan, are especially to be noted. To one who 
has never collected fossils at Burlington, the paper will be particularly 
helpful in locating the exact geological horizons of the various forms. 

Altogether there are nine plates of figures. Of most of the species 
illustrated, the original descriptions are given. The critical remarks 
accompanyirg are especially useful to the systematic paleontologist; 
and supply long wished for information concerning the fossils in ques- 
tion which, for more than a generation have been the despair of collec- 
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tors. These details, which make up the bulk of the paper, are the 
data upon which are based the author's views on the general faunal 
correlation of the several rock layers containing the fossils discussed. 
The views expressed are of exceptional interest; for, as in the case of 
all this author's faunal studies, the latter have to do with broad prin- 
ciples, notwithstanding local titles. 

The suggestion offered, says the author, "as an interpretation of all 
the faudal relationships is, that after the wide geographic distribution 
of the later Kinderhook faunas, from Ohio to beyond the Rocky moun- 
tains, there was a withdrawal of the fauna for some reason, within 
the more western portion of theJ area it had occupied, where it conr 
tinned to flourish during the period of development of the Osag€ fatm- 
as in the Mississippi valley. At a much later period, the beginning of 
Gcjnevieve time, this western fauna again migrated eastward and en- 
tered into the fauna of the St. Louis limestone and its stratigraphic 
equivalents. The recurrence, in rocks of the age of the St. Louis lime- 
stone at Batesville, Arkansas, of a fauna of much older type, even 
Devonian, has been recorded by Williams, but this Batesville fauna 
seems to have migrated eastward from the southwestern region. The 
eastward migration from the northwest of the faima containing per- 
sistent Kinderhook types, probably occurred at approximately the 
same time as a similar migration from the southwest, the evidence 
of which is recorded in the rocks of Arkansas." 

There is one feature in the present paper to which attention 
might be called, that is, indeed, rendered all the more conspicuous 
by an absence of all mention of it. It is a very essential factor in 
the correct understanding of all Kinderhook faunas. The oversight 
is, perhaps, due largely to the fact that the author has been de- 
voting himself particularly to the study of the Carboniferous fos- 
sils. The suggestion, however, applies not to the work of this au- 
thor alone, but to nearly every one who has written on Kinder- 
hook questions. As a result of this inattention to certain factors 
there has been necessarily, though unintentionally it is no doubt 
true, a straining of the facts to fit a theory. The identification of 
the species is made by comparing them only w;ith stratigraphically 
higher forms. Comparison with the lower species gives some very 
different results. In many cases in which this actually has been 
done, the inevitable deductions are to the effect that the closest 
affinities of many of the organic remains from the Kinderhook are 
to be found with the earlier forms rather than with the later. 
Comparisons only with the geologically higher forms tend to carry 
the ^'Carboniferous aspects" of the various faunas downward much 
farther than should really be done. 

It is unfortunate that the author apparently uses the term 
Chouteau in two very different senses. In one case, it refers to 
the uppermost limestone of the Kinderhook. Elsewhere it alludes 
to the faunal, or time, equivalent of the Kinderhook terrane, of 
which the Chouteau limestone forms the upper third. In the latter 
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section at Burlington than had been generally supposed to be the 
case. However, the recent discoveries in the shales beneath the 
Chonopectus sandstone, of faunal elements very much older than 
has been found anywhere else in the section find additional ex- 
planation. 

Altogether, profe.ssor Weller's paper is a most welcome contribu- 
tion to Kinderhook literature. c. R. k. 

Ueber die Borkhohner Schicht in Mittelbaltischem Silurgibict. von 

C\Ri. WiMAN. (Bull. Geol. Instit. Upsala No. 10. Vol. V, Part 2, 

1900.) 

This memoir gives a full account of the fossils found in the island 
of Gotland and elsewhere in the above named bed of the Leptxna 
limestone of the Upper Silurian. Fragments of this bed in the con- 
dition of erratic blocks are scattered in drift over the island of Got- 
land and contain more or less of silicious nodules. These are sup- 
posed to have been lumps of colloid silica that formed at the bottom 
of the Silurian sea of that time, as the flint of the Cretaceous chalk 
did at a later period in western Europe. 

By the careful method of manipulation adopted by Wiman an ex- 
tensive and varied fauna was obtained, consisting of trilobites, mol- 
luscs, brachiopods, Bryozoa, corals, graptolites, sponges, etc. 

A table is given, showing the occurrence of the several species in 
the various blocks from the bed, that were studied. Also a list of 
the known fauna of the Leptaena limestone. 

About a dozen new species are described in this memoir, and 
three new genera of graptolites — Reticulograptus, Galeograptus and 
Discograptus. The memoir is illustrated with four plates of figures 
and several wood cuts. G. f. m. 
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The Section of Geology and Mineralogy of the New York Acad- 
emy OF Sciences ; meeting December 16 

Mr. D. W. Johnson gave a paper on "Notes on the Geology of the 
Saline Basins of Central New Mexico." This paper will be published 
in the next number of the American Geologist. 

Dr. D. S. Martin presented a paper entitled "Some Geological 
Notes on the Neighborhood of Buffalo, N. Y., made in the summer 
of 1901." Dr. Martin did not claim any special novelty for the data 
presented, but judged that they might be of interest to any members 
not acquainted with that region. Dr. Martin first outlined roughly the 
distribution of the series from the Medina to the Comiferous lime- 
stone, and then mentioned in detail certain special features. He par- 
ticularly noted certain joint seams in the Niagara limestone near Lock- 
port, N. Y., which have been much eroded and decomposed, and 
which arc now filled with a dark-brown, clay-like material, contain- 
ing numbers of half decayed modern land shells, such as Helix albo- 
labris. He then described the series of rocks exposed in the quarries 
found on north Main street, Buffalo, which are now the source of 
the famous Eurypterus specimens. This series extends from the 
Corniferous limestone to the Sailna series, and is divisible into five 
members, known as the Corniferous limestone, the Blue limestone, 
the Bullhead rock, the Water limestone and the Salina. Dr. Martin 
particularly emphasized the contact between the Bullhead rock and the 
overlying Blue limestone, and noted the occurrence of a sandstone 
dike extending to th^ top of the Bullhead series. 

Mr. A. J. Quereau, in a paper entitled "The Grain of Igneous 
Rocks," said that a general observation might be made in regard to 
intrusive dykes. Near the margin the rock is dense, often glassy with- 
out any appreciable grain, whereas the grain begins to grow coarse ac- 
cording to some definite law, progressively as the distance from the 
wall increases. The present paper is based on the study of the laws 
governing such increase. It appears that the loss of heat is of para- 
mount importance.* 

The problem taken up is very analogous to the one presented by 
the cooling of a slab of finite thickness and of great length and depth 
with respect to the first dimension, viz. the thickness. The method 
followed rests on the Thcoric dc la Chalcur, of Fourrer, and on the 
general theory of cooling by professor R. S. Woodward. t The fol- 
lowing laws have l>een deducted: i. The zone of varying grain will 
vary indirectly as the initial temperature. From this follows that, 
a. Plutonic rocks, very deenly seated will not present a zone of 
varying grain to any extent, b. Rocks which come to rest at a tem- 
peratnre nearing their consolidation point will present a wide zone of 

^AMJntnD C. LrANS. Geol. Surv. of Michigan, vol. vii. 
'.. >tA*a«li of MmthematicB, toI. iii. 
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varying grain. 2. The lime of cooling, other conditions being the 
same, varies as the square of the thickness of the dike.* From this 
hist hiw it is assmiied that the size of the crystals varies as the 
smiarc of their distances from the nearest marjjin ; then the square 
root of iheir area which can be measured varies directly as the 
distances from the margin. Thus we have a simple law of easy 
application. Richard E. Dodge. 

Sccretarv pro tern. 

XoTKS ON THE Sl'KFACE t;E«)I.(H;V OF Rit) GrANDE DO SuL, BRAZIL.■^ I 

cannot give you any definite information from my notes about Ter- 
tiary deposits in Brazil : becau>c in Rio Gramle do Sul, where I had 
opportunities for observations and study there are no deposits which 
I know certainly to be of Tertiary age. 

The rocks there are Archean. or, at least, low down in the series, 
and on their upturned edges are loose materials, cemented gravels 
etc. which are almost certainly Tertiary or probably Quaternary, with 
exceptions to be below noted, and with the further exceptions, per- 
haps, of the terraces near the ci»asl. 

I have had m> oppi^rtunity to study the terraces aK»ug the sea 
coa>t. I ni>;ioed in Rio Grande do Sul that the coast is low and 
vandy. The city i»f Rii^ Gran<le di> Sul is on a sand spit. From 
Pelotas inland tv»ward Hage are terraced sands and clays, the age of 
which 1 dill not have an op[ioriunity to in(|uire into. Thi^ terracing 
shows that there has bem uplifting im" a br-Md area there. The road 
]>as>es ofT oi these tlep«»sit> and enurs the hills at almut t«uir leagues 
west oi IVlotas. 

Thence all the way inland ti> Hage and I-avras. the nnrks are very 
generally hiddm by a de[»o>ii wliich I will call li>e>«.. and which I 
think is allied by i^rigiu as well as character to the It»ess oi the Miss- 
is>ip]>i valley. It is ^''i tine grain, clayey, i»t yellow or drab color 
where not darkened by organic matter, ar.il >liows but little variation 
m coarseness or fuune^N. However. >Lreak> I'l saiul appear in the 
lower part> ».^t it. and >onietime> it p;».'ises ilownward int«» a sandy 
layer. This latter, houexer. may pn^bably beloni» to the ca^calho or 
gravel j^roup to be bel«n\ described 

The K»e>< is not derned from rivks in :lu' immediate ueighlK)r- 
bood wb.ere it oci-.'.r^. ii«v it pre>erves ii> idc 111:1 v y*r crea: >imilaritv 
i^i ob.arac'.er o\er wide areas where the rocks \:.r\ \\'uW.\ . 

Below il'.e loess in piaci«; ar.d lyir.g beiwie". ii and t'-.v* "Itd-rock" 
is cascalV.o. or p ravel and sar.il. rh> i^ of n:a:eria! -f the iTrmediat^ 
ni'i;bborV.''»Hi in wb.icb it is io;:nd. 1: con-:-:- v-':io:p.i!ly oi" pebbles 
ar.d o: graiv.s ^.-f .,::ari.- :\r.\\ k-iVxt hard maTir.iis. a:^d a: I.axras is 
cor.nr.ed to :l*e '.:'.:mcd:a:e ne:i:!:b\^rho.\l I'l' :'-.e q-.:ar:z vei'i- from 
which it originated. 

•RiKJit.%XN. P.*irr:>'lr D'^ercnzicI (lleichurfzcn. 

trhr<p note* .ire »r »m orivatc letter* hv Mr Mi'^is it*, rrp'r to inqnifica 
ahoni ihc i;c-^1-»ct of the reijion *poken of. The note-* ;»re quite ^ne^ h«i ther 
relit te to a reeion ahi-int who«e c«*'»1<'»ffT Trrr little i« kn>«wn. \«tt1e from a 
•licht rearr.incement ami the o«iil««ioii of fMrta rtlatinfc to other Iivralitirn the 
letter* a*v puhli«hc<l ja^t a« he vrotc t i t f . J , C. Bsaxxk. Stanford Univer- 
sity. Cahromia. December S. 190&.) 
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In Rio Grande do Sul the channels of the present drainage have 
been cut down through the loess and cascalho, and the country has 
evidently been raised since the loess was deposited. The same eleva- 
tion undoubtedly caused the terracing along the coast. 

I had occasion to examine very carefully the gold bearing gravels 
at the Lagoa de Ma<;a in the province of Rio Grande do Sul. The 
lake is simply a deepened and widened section of the Comaquam river 
near the village of Lavras in latitude, about lo", 49' west of Rio de 
Janeiro, and longitude about 50^ 44' south. The lake is said to be 
about 700 feet above sea level and occupies a basin eroded from the 
hard porphyry to a depth of 7.5 feet at the lowest below the rock>' 
outlet. The hard feldspathic porphyry is softened in places in the 
bed of the lake, and excavations in the lake show softening to a depth 
of at least 12 or 15 feet, but the softening is by no means as exten- 
sive in this part of Rio Grande do JSul as it is in the Province of 
Minas. It does not extend over all of the bed of the lake. 

Resting on the rock is a thin, irregular, varying sheet of gravel 
and sand, which is often entirely wanting; where it exists it is but a 
few inches thick. It consists largely of rounded, smooth, quartz peb- 
bles and also of more irregular pieces of porphyry. The quartz pebbles 
are evidently from quartz veins which traverse the porphyry in the 
immediate neighborhood. 

This is the cascalho, or gravel, in which the gold is found. It is 
exoosed on the bed-rock above the level of the lake, and it is proba- 
bly distributed in patches over the surface of the rock in the neighbor- 
hood generally : but nowhere within my observations was there found 
a continuous sheet over any extended area. I did not see it more than 
6.6 feet thick, except in some narrow furrows or channels in the rock 
in the bed of the Lagoa where the gravel and local large boulders 
alone formed a mass three feet thick. 

Next above the gravel and resting directly on the rock where the 
Cascalho is wanting is the loess-like deposit, which is spread over th4? 
surface of the country generally. It consists of a fine clayey material 
of yellow or drab color where not darkened by organic matter and of 
uniform texture. However, streaks of sand appear in the lower part of 
it, and sometimes it passes downward into a sandy layer which may 
have been deposited at the same time as the gravel, but I found no gold 
in it, though I tested it repeatedly by washing. Near the surface the 
Joess l)ecomes mingled with organic matter, and passes upward into 
a dark soil. In one place an excavation near the lake showed a thick- 
ness of 13.6 feet of loess. 

Next following the loess are irregular deposits of sand found only 
along water courses, but often at higher levels than the water now 
attains. I did not see these sands anywhere lying on the loess. 

The lake crosses the outcrop of some veins of quartz, and the gravel 
is mostly limited to the immediate neighborhood of such outcrops, ex- 
cept at the bend of the still water of the pool. 

James E. Mills. 

Qilliicy, Plumas county, California, July 20, 1888. 
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ships, or through salaries with or without pensions in old 
age, or through aid in other fomis to such men as continue 
their special work at scats of learning throughout the world. 

Slmmaky of the Catalogue of Fossil Type and Fig- 
vrf-d sl'ecimens in the collections of the american 
MusELM OF Natural History, New York. 



I ^ 



S ! E 
s I 



Cambrian and Lower Siliimii 4481 10 

Upper Silurian 63-' il 

Devonian 667 27 

Lower Carbciriiferuns to Quiiler- 



472; 



Total 



,,1 - 



61 56 4991 T 



79^561 



-1504 
54,17 



"The term 'type,' as employed in the Geological Depart- 
ment of the American Museum, embraces not only the speci- 
mens actually used by an author in the original description of 
a species, but also those specimens which have been used by 
the same author in the further elucidation of the species in 
subsetiuent publications. The types may ()r not have been il- 
lustrated in coimection with the first publication. 'Figured 
specimen' is the term applied here to the specimens which 
have been identified with a species by another person than the 
author of the species anil which liave tx'cn illustrated in some 
publication. From the standpoint of the student asd investi- 
gator, t\pes are the most valuable portion of any collection, 
and should, therefore, he marked in some conspicuous manner 
and be preserved with the greatest care. All the types and 
figured specimens in this department are individualized by the 
use of a small rhomb of emerald green paper securely gummed 
to each." 

SCHIRER, IX AdVOC.\TINC AN* AqUEO-IGNEOUS ThEORY of 

the origin of granite, suggested that, owing to the presence of 
water the magma might cool down considerably below the tem- 
perature necessary for solidification under the conditions of 
ordinarj- dry fusion, and thus allow minerals which cannot en- 
dure a high degree of heai ' "■ .i-ti K'Ihv '"ilni- cnn- 
stituents less fusible bv thi .■':i'..l. 




FEKUINANI) V. KOEMEk. 
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DR. FERDINAND VON ROEMER, THE FATHER OF 
THE GEOLOGY OF TEXAS; HIS LIFE 

AND WORK.* 

By Psbdbric W. SIMOND8, Austin, Texas. 
PORTRAIT. 

Ferdinand Roemer, who has justly been called the "Father 
of the Geology of Texas," was born at Hildesheim, Hanover, 
on January 5, 1818. His early education was obtained at the 
Gymnasium Andreanum of that town, where, under the influ- 
ence of his teacher, Dr. Muhlert, he developed a great fondness 
for science, especially in the line of natural history. His love 
of geology, however, was strongly developed by excursions 
with his oldest brother, F. A. Roemer, Frederic Hoffmann and 
F. A. Quenstedt. Notwithstanding his predilection in this di- 
rection, he was induced by his brother, probably with the view 
of entering a well established profession, to undertake the 
study of law. Accordingly, from 1836 to 1839 he was engaged 
in attending legal instruction at Gottingen, with the exception 
of the summer semester of 1838, which was spent at Heidel- 
berg. Still the attraction of science was well-nigh irresisti- 
ble. With the keenest pleasure he listened to Hausmann on 
geognosy and when at Heidelberg the zoological instruction of 
Bronn was eagerly sought. His future calling was, however, 
to be decided in favor of his natural bent. As he was about to 



*I wish liere to express mj frreat indebtedness to Dr. Karl Hintzc, professor ' 
of mineraloify at the UniTersltj of Dreslan, the pa|>il, friend and colieajnie of 
Dr. ▼. Roemer, first for the excellent pliotoRrapb reproduced in the accompaiiy- 
inir illustration, and second for copies of his publications upon the life, charact- 
er and work of the distinfruUhed scholar who first jrave to the world aa out- 
line of the geology of Texas. Prom the latter and the nfitice by Dr. W. Dames, 
in the Neues Janrbttcb far Miaeralogic, Geologic and Palaeontologie, 1892, I. 
Band. I have taken, much of the matter which appears in this sketch. In trans- 
latinff from the German I have been ably assisted by my friend, Mr. Conrad L. 
B. Shuddemairen. 
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present himself for examination in the higher legal course, 
for political reasons — ^although h^ himself was an innocent 
party — certain difficulties appeared and he withdrew. Thus 
science gained a brilliant scholar and geolog>' a zealous inves- 
tigator. 

Going to Berlin (1840) he came within the influence of 
such men as Weiss, in mineralog}-, von Dechen, in geolog\', es- 
pecially that of Germany, Gustav Rose, in geognosy and min- 
eralog}-, Mitscherlich and H. Rose, in chemistry, von- Lichten- 
stein in zoolog}', Johannes Miiller, in anatomy and physiology. 
Dove in physics and Steffens in anthropology*. 

On May 10, 1842, he received the degree of doctor of 
philosophy, having presented a paleontological dissertation en- 
titled "De Astartarum genere et speciebus quae e saxis iuras- 
sicis et cretaceis proveniunt." 

The time spent at Berlin had an important bearing upon 
his future in still another direction. It was here that an inti- 
mate friendship sprung up between him and von Dechen, Bey- 
rich, and Ewald, and his intercourse with them led, on his 
part, to a wider comprehension of geology and a better un- 
derstanding of the methods to be pursued in research. About 
this time he became engaged in a series of investigations in the 
Rlienish mountains which covered the summer season of sev- 
eral years. The results of this work were published, in 1844, 
under the title "Das Rheinische Ubergangsgebirge. Eine palae- 
ontologisch-geognostische Darstellung." The next year 
(1845) his first contribution to the ''Xcues Jahrbuch fur Min- 
cralogic, Geologic und Palaeontologic'' appeared and thereaf- 
ter for more than forty years his name was familiar to the 
readers of that journal. 

He now (1845) entered upon that part of his career which 
is of the greatest interest to Americans, especially Texans. 
With means provided in part by the "Berliner Akademie der 
Wissenschaften" and with the wami personal endorsement of 
the celebrated traveller and explorer, Alexander von Hum- 
boldt, he undertook a journey to America for the purpose of 
studying its geology and paleontolog\-, in the course of which 
he spent a year and a half in the then little known state of 
Texas. Here, to judge from the results of his investigations, 
his activHxJUI^HS^^fi^ ^}^ great, for, in addition to con- 
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tributioi^s furnished the American Journal of Science and 
Arts in 1846 and 1849 (H- Series Vols. I and VI.) and a 
more popular work entitled "Texas. Mit besonderer Riicksicht 
auf deut6che Auswanderung und die physischen Verhaltnisse 
des Landes," published at Bonn in 1849, ^^ gave to the world 
in 1852 "Die Kreidebildungen von Texas und ihre Einschliisse. 
Mit einem die Beschreibung von Versteinerungen aus palao- 
zoischen und tertiaren Schichten enthaltenden Anhange und 
mit II von C. Hohe nach der Natur auf Stein gezeichneten 
Tafeln," printed also at Bonn, by Adolph Marcus. It wa» this 
work that won for him the title "Father of the Geolog>' of 
Texas." That Roemer should have been able to accomplish 
so nuich during his brief sojourn in the state is remarkable 
considering the limited means of transportation and the seri- 
ous danger from wandering bands of Indians when conducting 
scientific work outside of the immediate vicinitv of the settle- 
ment-s. Under such circumstances that his results should have 
been so accurate is a little short of phenomenal. 

Before proceeding farther it may be well to direct attention 
to some of the salient points brought out by these early inves- 
tigations. "Die Kreidebildungen ' is not entirely devoted to 
the Cretaceous or Chalk formation of Texas, for, in addition 
to a detailed consideration of that formation and its fossils, 
the introduction treats of such topics as the following: "Geo- 
graphic Position and General Orographic Character of Tex- 
as,'' in which the greater topoerraohic features of the state, with 
the exception of the western mountains, are clearly described ; 
"General Geognostic Constitution of the Land'' ; "Diluvial and 
Alluvial Formations"; ^'Tertiary Formations"; Older or 
Paleozoic Strata"; and 'Tlutonic Rocks." The appendix, 
moreover, contains descriptions of fossils from the paleozoic 
strata and descriptions of fossil woods by professor Unger. 
In view of the above outline it scarcely need be said that this 
work has been a fruitful source of inspiration to all who have 
made a special study of the topographic and geologic features 
of this region. That it as well as the earlier descriptive volume 
should not have been translated into English long ago is some- 
what remarkable. Concerning the geological map in the ear- 
lier volume, based upon Wilson's geographic map, it is fair to 
say that the general features of the state are well shown and 
with an unexpected degree of accuracv. 
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But Roemer's American studies were by no means confined 
to Texas. In i860 he published "Die Silurische Fauna des 
Westlichen Tennessee; eine Palaeontologische Monographic," 
with five plates. 

In June, 1848, he became Privat Docent in mineralogy and 
paleontology at Bonn. That his studies in Texas were still 
uppermost in thought is apparent from the title of his proba- 
tionary discourse, "Eine iibcrsichliche Darstellung der Geog- 
nostischen Verhaltnisse von Texas." His natural gifts as a 
teacher rendered possible, in 1855, ^^^ ^^^^ ^o ^" ordinary pro- 
fessorship in the University at Breslau, in connection with 
which he became director of the mineralogical cabinet. Here 
he found a few minerals, scarcely sufficient to meet the needs 
of instruction in a realschule, stored away in most inaccessible 
quarters. At once he determined to undertake the laborious 
task of making a great collection. How well he succeeded is 
shown bv the fact that he left to his successor one of the rich- 
est and best arranged collections of minerals and fossils in any 
of the Prussian universities. 

In 1861, to the great satisfaction of his colleagues and 
friends, he declined a flattering call to Gottingen. Five years 
later, in 1866, his fidelity and labor were rewarded by the re- 
moval of his collections into a new and commodious building, 
erected largely after his own plans, on the Oder between 
Schuhbriicke and Universitatsplatz. In arranging the collec- 
tions in their new appartments Dr. Roemer was ably assisted 
by Oberbergrath Martin Websky, who under his influence sooii 
resolved to devote himself entirely to science, becoming first 
extraordinary professor at Breslau and later the successor of 
Gustav Rose at Berlin. It was not a ^small matter to have 
discovered such a man. But his influence with his students 
-vas also great, for on the list of those, who, under the inspira- 
tion of his teaching, took upon themselves science as a life 
work we find such names as H. Credner, W. Dames, K. Hintze, 
CI. Schiiter, Th. Liebisch, H. Eck, K. von Seeback, T. Tietze, 
and others who have gained recognition in the learned world. 
Indeed, no better evidence of his unusual power as a teacher is 
needed. Says one of his students : "His love of teaching, his 
ready utterance, his kindly care for his pupils remained un- 
changed to the end. \\'hen well advanced in years he taught 
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with the same zeal, the same vivacity, and the same clearness 
that characterized his work when a young man."* 

While his activity in the routine duties of his professorship 
was very great it was not less in the direction of research and 
investigation. In the Neues Jahrbuch f. Min. Geol, und Pal. 
Dr. Dames has listed over 350 titles of publications in the 
interval between his graduation in 1842 and his death in 
1891, many of which represent long and patient in- 
vestigations. While it would not be possible within 
the limits of this sketch even to mention all the subjects cov- 
ered, for they are of wide range, attention may be called to a 
few other than those already alluded to in the preceding pages. 
During the years 1852-1854 he published in connection with 
its author a revision of H. G. Bronn's *'Lithaea geognostica oder 
Abbildung und Beschreibung der fiir die Gebirgs-Forma- 
tionen bezeichnenedsten Versteinerungen. Bd. I. 2: Palaeo- 
Lethaca; Kohlen-Periode (Silur, Devon, Kohlen-und Zechs- 
tein-Formation)." More than twenty years later we find 
him again engaged upon an enlarged and revised edition of 
this work. The atlas, with 65 plates, appeared in 1876; in 
1880 the first part of the text, and in 1883 the second part. It 
is a matter of regret that he did not live to complete this un- 
dertaking. In 1 861 he published **Die Fossile Fauna der Sil- 
urischen Diluvial-Geschiebe von Sadewitz bei Ols in Nieder- 
schlesicn." This was in the form of a "Gratulationsschrift" 
of the Silesian Society to the Brcslau University at its jubilee 
held that vear. 

In July 1862 the preparation of a geognostic map of Up- 
per Silesia on the scale of i : ioo,ch>o was auil.orizcd by the 
Prussian Ministers of Commerce, Trade and Public Works 
and Kocmer was selected to direct its construction. For 
eight years assisted by O. Dcgenhart, H. Eck and A. Halfer, 

he devoted himself to this work and at the same time made 

• 

numerous short contributions announcing new discoveries in 
the geology and paleontology of that region. These servea 
as forerunners of the **Geologie von Oberschlesien," a work 
in three volumes published in 1870, which contained the com- 
plete results of the investigations of himself and his assistants. 
The great value of this publication is evident when we take in 

•Danes. 
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to consideration that up to this time little was known of the 
geolog}' of the province which had long been famous for the 
value of its mineral deposits. 

After the publication of this work he found time noi only 
to rewrite portions of Lethaea Palaeozoica, to which reference 
has already been made, but to prepare numerous smaller con- 
tributions treating of his investigations and studies among 
which may be found the first obsers^ations upon the discovery 
of diluvial mammals in the low plain of northern Germany, es- 
pecially in Silesia and Poland. So great was his interest in 
this direction that later he undertook an investigation of the 
Polish bone caves concerning which he published, in 1883, ^ 
large work bearing the title "Die Knochenholen von Ojcow 
in Poland" (Palaeontographica, 29). This was translated 
into English by John Edward Lee, under the title "The Bone 
Caves of Ojcow in Poland", and published the following year 
in London. 

As further evidence of Roemer's great activity it may be 
'■^'-marked that he had already prepared and published (1880) 
a description of the CarlxMiiferous limestone fauna of the 
west coast of Sumatra — **l'ber cine Kohlenkalk fauna der 
Westkiistc von Sumatra" 1 Paleontographica 27) — based up- 
on a fine collection sent him in 1876 by \'crbeek. 

In 1885 appeared Lethaea erratica ( Palacont. Abhandlg. 
von Dames u. Keyser, Bd. IL 5. Berlin) embracing an enum- 
eration and tlescription of the Ixnilders occuring in the North 
Gennan plain. Among his papers published in 1887 is the 
description of a fossil crustacean from the Shoal Creek region 
near Austin entitled "(Iraptocarcinus Texanus, eine Brachyure 
aus der oberen Kreide von Texas" with an illustration ( X. 
Tahrb. f. Min. etc.. 1887, lUl. 1. 173). The next year he pub- 
lished the tiescription of "*Macraster. eine neue Spatangoiden- 
Gattung aus der Kreide von Texas ' ( X. jahrb. f. Min.. etc., 
1888, \\i\. 1. 191) represented by M. Tcxanus from (]ieorge- 
town. The same year he also published "I'ber eine durch 
die liiiufigkeit I lippuriten artiijer C haniiden ausgezeichnete 
Fauna der oherturonen Kreide von Texav." (^Paleontol. Abh. 
Bd. IW 3, Plates K The fauna luir o»>nsiilored is from Bar- 
ton's creek, a \vell-kni»\\ii livalitx a Ava'X tlisianoe soutiiwest 
of Austin. Of \\w \\\v\\\\ niu' ^i^vivs iK>orihc»i lie regarded 
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eighteen as new. Objection has been well taken by the stu- 
dents of Texan geology to the assignment of this fauna to 
the Upper H uronian for, as a matter of fact, the strata are 
Lower Cretaceous, and cannot be correlated with that form- 
ation. 

But Roemer was a mineralogist as well as a geologist ana 
paleontologist. In a practical way this was >shown in his 
great work at the Breslau Museum. His love for minerals 
was strong and his knowledge such chat he was envied by the 
younger men who specialized in that line. It has. however, 
been said that his greatest service to mineralogy was that he 
"saved" to that science the incomparable Websky. 

Again, Roemer was a man of wide experience in travel. 
Not only did he visit North America, but in Europe every 
country and some countries several times; England in 1851, 
1866, 1871, and 1876; Ireland in 1883; Holland and Belgium 
in 1854; Sweden in 1856 and 1878; Austria and Upper Italy 
in 1857; Piedmont and Bohemia in 1858; Norway in 1859; 
France in i860; Russia in 1861 ; Turkey in 1863; Spain in 
1864 2ind 1872; Switzerland in 1869. These journeys, his 
numerous publications and an unusual aptitude in acquiring 
foreign languages, made him probably the best known Ger- 
man geologist of his time. 

As would naturally be expected, his long and active career 
brought him many honors both at home and abroad : In recog- 
nition of his great service to science he was invested with a 
title by the state and elected to membership in many of the 
learned societies, among which may be mentioned the Geo- 
logical Society of London, 1859; the Royal Academy of Sci- 
ence, Berlin, 1869; the Imperial Academy of Science, St. 
Petersburg, 1874; the Royal Bavarian Academy of Science, 
Munich, 1885. In the year last mentioned he was also the 
recipient of the Murchison medal of the Geological Society. 

Rcx'mer's knowledge was not, however, entirely confined 
to science, though its range here was surprisingly great ; he 
was also well informed in the classics and belle letters. I lis 
nature was winning, his manner attractive, and his influence 
with the young great. It scarcely need be said that he had 
many friends and admirers. Although happily married for 
iwcnly-three years he was childless, yet his love of children 
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was shown in the rearing of his wife's nieces as his daughters. 
It was his great good fortune to be able to look back upon 
a life rich in opportunities and fruitful in results. He had 
expressed the hope that the end might find him in the full 
possession of his powers rather than burdened with the in- 
fimiities of old age, and his wish was granted. He died at 
Breslau on December 14, 1891, in his seventy- fourth year. 

Publications of Dr. von Roemer upon Subjects relating 
to North America. 

1846. 

A sketch of the Geolog\- of Texas. {Am. Tour. Sci. 
and Arts, II. Ser. Vol. II. 358.) 
1848. 

tJber ein bisher nicht beschreibcnes Exemplar von Eurj'p- 
terus nus Devon-Schichten dcs Staatoe Xew York in Xord- 
amcrika. ( Palaeontographica, I'.d. I:) 

Uber Hall's Palaeontologie des Staates New York. 
(N'cues Jahrbuch fiir Min., Gcol. u. Pal.) 

Xeue Art Elumenbachium und mehrere unzweifelhafte 
Spongien aus dem Obersilur-Kalke von Tennessee. (Ncues 
Jalirb. f. Min.) 

Geologeii-Versammlung zu Boston. Reisebericht. (Keues 
Jahrb. f. Min.,) 

Xcuo .\rten von I'seudocrinites uiid Prunocystites in 
Grot^s-Britannien und Nordamerika. (Xeues Jahrb. f. Min.) 

Contributions to tJie Gcolnj:^- of Texas. (Am. Jour. Sdi. and 
Arts, II. Ser. vol. vi. 21.) 

1849. 

Beitrago zur Geologic von Texas. (Xeucs Jahrb. f. Min.) 

Texas, ilit be«ondercr Riicksicht auf deutschc Auswander- 
ung und die physischen \'erli;ihnisse des Landes. Mit einer 
Karte. F.onn: Adolph Marcus, 
1 85 J. 

Die Kroidi-bildungcu vnn Texas 
Eiiisclilu>si\ r.nnn: Adolph ilarcu^. 

1853- 
Geolngische Arbeiten iilxT Texas. (Xem- I:il.rl., f TMin.l 
■\ert:ii'ich Kimische und XordiinicrikaiiiM'borsUitr-bildunK- 
vn. (N. Jahrb. f. Min.) 




I 
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1854- 
' Uber ein Echinid aus dem Kolilenkaike von St. Louis ani 
Mississippi. (Sitszungsber. d. niederrh. Ges. Marz.) 

Dorycrinus, ein neues Crinoidengeschlecht aus dem K«h- 

lenkalke Nordamerikas. (Arch. f. Naturgesch, Jahrb. XIX. i.) 

1855- 

Uber den Bau von Meloniles multipora, ein Echinid aus 

dem amerikanischen Kohlenkalk. (Arch. f. Natiirgeschich. 

Jahrg. XX.) 

Uber Calceola Tennessceensis, (Verh. d. naturh. Ver. f. 
Rheinl. u. Westph.) 

Cber Mclonites multipora Norwood. (\''er)h. d. Naturh 
Ver. f. Rheinl. u. Westph. 

1856. 
Uber die Fahrten des Sauropus primaevus im rothen 
Sandstein von Pottsville in Pennsylvania. (34. Jahresber. d, 
schlcs. Ges.) 

1858. 
Uber einige Mineralien aus New-HoUand, Nordamerika 
und Saclien. (36, Jahresb. d. schles. Ges. 
i860. 
Die silurische Fauna des westlichen Tennessee: eine pa- 
laeoiitologische Monographie. Mit 5 Tafeln. Breslau. 
Silurfauna von Tennessee. (N. Jahrb. f. Min.) 

1877. 

Eurvpterus lacustris von Bnflalo. (55 Jahresber. d. schles. 
Ges.) 

1880. 
Xotiz iiber Belemnites ambiguus Morton aus dor Kreide 
von New Jersev. (Neues Jahrb. f. Min.) 
1883. 
Uber Hall's Gattung Dictyophyton. (6r. Jahresber. d. 
schles. Ges.) 

Notiz fiber die Gattung Dictyophyton. (Zeitsclir. d. geol. 
Ges. 35.) 

1884. 
SaramlviTig von Kreide- Versteinerungen aus Texas. (62. 
Jahresber. d. schles. Ges.) 

1887. 
Graplocarcinus Texanus. ein Brachyure aus der oberen 
Kreide von Texas. (Neues Jahrb. f. Min.) 
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Uber H. v. Meyer's Mastodon Humboldti Cuv. ? aus Max 
ico. (Neues Jahrb. f. Min.) 

1888. 

Macraster, cine neiie Spatangoiden-Gattung aus der 
Kreide von Texas. Mit i Tafel. (Xeues Jahrb. f. Min.) 

Cber eine durch die Haufigkeit Hippiiriten-artiger Cham- 
iden ausgezeichncte Fauna der oberturonen Kreide von Texas. 
(Palaeontol. Abh. Bd. IV. 3 Tafeln. 
School of Geology, University of Texas. 



THE RATE OF LATERAL EROSION AT NIAGARA. 

By Pkof. G. Frkdbrick Wright, Obcrlin, Ohio. 
PLATES VI-VIII. 

In the Popular Science Monthly for June, 1899, I presented 
the result of certain observations the year before upwDn the later- 
al erosion of the walls of the gorge of Niagara river near the 
edge of the escarpment at Lewiston, seven miles below the falls. 
The reader is referred to that article for several photographs 
and a profile section, drawn to scale, showing the extent of 
the enlargement at the mouth of the gorge u\xm the east side. 
P>riefly the results of the measurements then made are, that 
the Niagara limestone, which is the upper stratum throughout 
and is here 340 feet above the river, has been undermined and 
broken off 388 feet since the erosion of the gorge began. But, 
in order to get an approximate idea of the time required to ac- 
complish that amount of lateral enlargement, it is necessary 
to obtain the rate at which the face of the precipice is crumb- 
ling away under the influence of subaerial agencies. To get 
light upon this point, I was again commissioned in 1899, by 
the New York Central Railroad to spend such time as was 
necessary for investigations leading to more definite results. 
In ])ursuancc of this, a week was spent, with competent en- 
gineers as assistants, in determining the actual extent to which 
the crumbling away of the rocks has proceeded since the rail- 
road was built, in 1854. 

The accompanying diagram shows how the road crosses 
the several strata as it gradually descends the face of the 
gorge. (Plate VI.) It is necessary- only to add: 
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1st. That the Niagara limestone is continuous at the sur- 
face up to the falls, gradually increasing in thickness along 
the edge of the gorge. At the escarpment near Lewiston, this 
limestone is only twenty feet thick; one mile up the gorge, it 
is nearly fifty feet, and at the present cataract it is seventy or 
eighty feet thick. 

2d. The Niagara shale preserves throughout a pretty uni- 
form thickness of from sixty to seventy feet, and does not any- 
where exhibit any very marked variations in its composition. 

3d. The Clinton limestone presents throughout the sec- 
tion a continuous and Very compact stratum from fifteen to 
twenty feet in thickness. 

4th. Between the Clinton limestone and the quartzose 
Medina sandstone, the space is occupied by about seventy feet 
of material which is rapidly crumbling away where exposed, 
although there are in it two or three bands of limestone and 
sandstone. These, however, are not sufficiently compact to 
present any serious obstacle to the eroding forces. The lower 
part of it is especially friable. 

To get a basis for future comparison, we first measured 
from the outer base of the arch of the tunnel along the outside 
rail southward for a distance of 7,500 feet. We could not well 
mark the stations permanently; but, as the railroad is not 
likely to be shifted to any appreciable extent, or, if it is, there 
will be a record of it, future observers can find the exact points 
of our sections with little trouble by measuring again from 
our starting-point. 

At two places the opportunity was specially favorable for 
observation. As will be seen by referring to our section, the 
Medina and Clinton shales are accessible in an exposure be- 
tween 800 and 1,100 feet from the tunnel; while the Niagara 
shale is accessible between 6,000 and 7,000 feet from it. In 
the first of these places, we made sixteen profile sections, from 
which we can obtain, with considerable exactness, the rate at 
which the Clinton and Medina shales crumble away. At the 
second place w^ made six profile sections, which secure the 
same results for the Niagara shales. 

Section I. was made at 860 feet from the tunnel in the 
Clinton shale. Measuring from the outer rail, it was four- 
teen feet to the original foot of the cut, and twenty-eight feet 
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to the farthest line of erosion fourteen feet above tlie foot; that 
is, the extreme erosion here was fourteen feet in fifty-five 
years. The average of fifteen measuremenls in the Clinton 
shale between 800 and 1,100 feet, at tiventy-foot intervals, was 
13.6 feet for the extreme amount of erosion in fifty-five years, 
iK'ing three inches per year. 

Section II. was made 6,317 feet from the tunnel, in the 
\iagara sliale. The foot of the cut was thirteen feet from the 
outer rail, and the greatest lateral extent of erosion, thirty- 
three feet, making tJie amount twenty feet in fifty-five years. 
The average amomit of greatest erosion along tJiis exposure, 
as shown by eleven measurements between 6,140 and 7,325 
feet from the tunnel, was 14.8 feet, or three and one-quarter 
inches per year. 

From this it appears that the rate at which the Clinton aodj 
the Niagara shale crumble away wht-re unprotected is one a 
a half inches per year, tliat being the actual rate % 
has crumbled along the faces where measurem 
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The question as to how much protection has been afforded 
by the talus and the growth of vegetation cannot be definitely 
answered. But as our photc^raphs show, the Niagara shale 
has not been protected at all by talus, and only slightly by veg- 
etation ; and, indeed, it is doubtful if the trees growing upon 
such a steep slope are any protection in the long run. They are 
all small, and none of them are old. They are uprooted before 
they are old, and thereby loosen the soil to which they cling. 

It is true that the fragments of shale tend to arrange them- 
selves somewtiat like shingles on a roof, and so shed the water 
to some extent. But the frosts and the frequent heavy showers 
are constantly disturbing this arrangement. It therefore 
seems entirely within the bounds of probability that the lateral 
erosion of the Niagara shale at the mouth of the gorge has 
proceeded at one- seventh the rate observed at the exposures 
measured, which is one-quarter of an inch per year, or one 
foot in fifty years. This is the amount necessary to accomplish 
the total enlargement in 10,000 years. 

Photograph i shows tlie tunnel which is the starling-point for our 
measuremenl. The rocks exposed are Ihe lower part of the Clinton 
shale and ihe upper part of the Medina. 

Photograph 2 shows the exposure of the eastern side -^f the lower 
end of the gorge as viewed from the Canada side. The exposed sur- 
face of the Niagara shale is well seen, together with the relation of 
the Niagara limestone to the Clinton limestone. 

Photograph 3 gives a closer view of the exposure of the Niagara 
shale hetwccn the Niagara hmcstone and the Clinton limestone, ahout 
5,000 feet from the tunnel. 

Photograph 4 shows the erosion of the Clinton shale at about 
i.sco feet from the tunnel. 



NOTE ON A NEW XIPHOSURAN FROM THE UP- 
PER DEVONIAN OF PENNSYLVANIA. 

Bt C. B. Bsrchrk. New Hbtcr. Ct. 

The species of Prestiuichia here described is chiefly inter- 
esting as being considerably older than any known form in (his 
genus, and as shovnng the segmental structure of the cephalo- 
thorax. 

The members of the family Belinuridae seem to have 

L their greatest development during the deposition of 

Measures, and a considerable number have been de- 
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scribed from this horizon, in Europe and America. The only 
Devonian type hitherto noted from America is the Protolimu- 
bis eriensis of H. S. Williams (sp.). from the Chemung 
group in Erie count)', Pennsylvania. It is therefore of some 
importance to be able to add a second distinct fonn, belonging 
to another genus, and occurring at nearly the same geological 
horizon. 

The species here described, and referred to Prcstwichia, 
was discovered in the sandstones of the Upper Chemung group, 
near Ackley Station, Warren county, Pennsylvania, by Mr. F. 
A, Randall of Union City, Pa. Three examples of the cephalo- 
thorax are represented in the collection, varying somewhat in 
size, but clearly belonging to the same species. Since the ab- 
domen in this form is unknown, the principal diagnostic char- 
acter between the genera Prcsf.vichia and BcHiutris can not be 
applied, yet the size and general expression of the cephalo- 
thorax agree more closely with the knovNTi species of Prest- 
Tiichia. On this account, the present type is referred to the 
latter genus with little hesitation. 

The writer takes pleasure in dedicating this species to his 
lifelong friend, Mr. F. A. Randall, in recognition of his im- 
portant services on the geolc^y and paleontolc^- of \\'arren 
county, Pennsylvania. 

Prestwichia randalll, 11. sp, (Figure t.i 

Cephalolhorax creseentic, convex, with a slight depression in front ; 
width more than twice the length ; anterior border somewhat snhquail- 
rate in outline; posterior margin concave; genal angles broad, angular, 
apparently not extending into spines. 

The glabellar region is marked by a conical elevation along the mid- 
dle, extending about two-thirds the length of the cephalothorax, and 
terminating at the apex in a distinct node. There is a ridge on each 
side of this node, extending outward, then curving backward nearly 
parallel to the axial cone, and joining the posterior margin. The spaces 
enclosed between the conical axis and the outer ridges are each marked 
by five, low, rounded nodes, which may be considered as lobes of the 
glabella and are thus indicative of its segmental nature as well as of a 
corresponding number of paired appendages on llie vcniral side. 

The eyes seem to have been situated on r; 
of the ridges limiting the glabellar area. Their location is represented 
by the exfoliated spots in the figure here given. Another specimen, nol 
illustrated, shows the position of the eyes more closely, t 
s of the rock no definite details can b 
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The proximal genal regions are marked by flattened areas, defined 
by a slight angulation of the contour. These areas evidently corre- 
spond to the concavities on the ventral side, adjacent to the space occu- 
pied by the attached basal joinis of the gnathopodiles. 
Akiomen and telson unknown. 

The type specimen, consisting of a cephalollmrax minus the right 
check, has a length of about 20 mm. The width from the center of the 
glabella lo the outer margin is 22 mm., making the entire width 44 mm. 
The glabellar cone has a width of nearly 7 mm- at the base and tapers 
lo a width of 2,3 nim. at the apex. A fragment of a larger cephalo- 
thorax has'a length of 24 mm. A third specimen shows the entire out- 
line of the cephalothorax, and has a width of 46 mm. 

On account of the meagerness of the material, not many 
features can be used for a comparison of this species with 
Protoliiiiuliis criensis Williams. The most obvious differences 
consist in the absence of the long, stout, genal spines, and the 
proportionately wider cephalothorax. A species of Bclhiurus 
(B. killorknisis Baily) has been described by Woodward* 
from the Upper Old Red Sandstone of Ireland, and this Is 
also quite distinct from the present form in having genal 
spines and a relatively longer cephalothorax. 

The lobation at the sides of the axis may be compared with 
that in the glabella of many trilobites, and may be likewise 
indicative of the number and arrangement of the paired ap- 
pendages beneath. The median node at the end of the conical 
axis probably denotes the position of the forcipulate antennae 
which were doubtless close together in front of the mouth, aa 
in Limulus. The lateral or jaw lobes are five in number and 
of nearly the same dimensions, from which it may be inferred 
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that the ynathopoditt's were quite uniform in size and less 
differentiated than in Eurypterus and Pterygotus. 

Yale University Museum, New Haven, Conn., February 5, 



THE CLASSIFICATION OF THE CRYSTALLINE 
CEMENTS. 



The past few >ears have been chiefly notable, in economic 
geology, for the number of papers which have been devoted to 
discussions of the occurrence of cement materials or of the tech- 
nulogy of various classes of cements. In such of these papers 
as were not confined to a consideration of only one type of ce- 
ment, some attempt at classification of the cements has usually 
been made. Two prominent types of these schemes of classi- 
fication may be described as the geological, based upon the 
relations existing between the raw materials of the different 
cements: and tlie engineering, based almost entirely upon the 
variations in one quahty, hydraulicity. Both these plans, if 
carried to their logical conclusions, result in certain incon- 
gruities of grouping. In the following pages an attempt has 
been made to formulate a classification which shall be at once 
rational and practical. In tlie preparation of a scheme such 
as the following, adapted to the various cements now made, 
it has been necessary to neglect certain relations, more general, 
perhaps, than any which are made use of, but not well adapted 
as bases for a working classification. Prominent among the 
relations which Jiave been neither used nor overlooked, is that 
existing between tJte members of a series which would begin 
with pure lime and pass through the hydraulic limes to the 
true cements. Certain practical difficulties prevent the recog- 
nition, in any present day classification, of this relation. For 
in sucli a theoretically perfect series, Portland cement could 
not be considered to be more than one particular point in the 
transition from pure calcium oxide to pure tri-caldc silicate. 
A statement to that effect, even though justified on theoretical 
grounds, would be extremciy inadvisable at present; for it is 
only (comparatively) lately that the practical differences be- ^ 
twcen this, the most important of our cements, and th« slag 4 
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(pozzuolanic) and socalled "natural Portland" cements has 
been recognized by the public. So far as present practice is 
concerned, several fairly well-marked types of cements are 
manufactured, and any attempt to minimize, on purely theor- 
etical grounds, the value of the generally accepted definitions 
of these types would be a serious error. The more purely the- 
oretical aspects of the question will, if possible, be discussed 
in a future paper. 

The scheme of classification presented below is based pri- 
marily upon the amount of chemical change caused by the 
processes of manufacture and use; and secondarily upon the 
chemical composition of the cement after setting. Though 
not perfect it is believed to be more consistent and 
complete than any hitherto used. The present paper, 
which is a summary of that part of the discussion of greatest 
interest to geologists, will be followed by a more detailed dis- 
cussion of the technology and properties of the various cement- 
ing materials, to be published in a technical journal. It is prob- 
able that some revision of the grouping here given will be both 
necessary- and possible before the more detailed paper is issued ; 
and the writer invites discussion and criticism of the material 
here presented. 

CLASSIFICATION OF CEMENTS. 

I. Simple Cements. Includes all those cementing mater- 
ials which are produced by the expulsion of a liquid or gas 
from the raw material ; and whose set is due to the simple re- 
absorption of the liquid or g^ and a re-assumption of original 
composition. 

I. a. Hydrate Cements; set due to reabsorption of water. 

I. b. Carbonate Cements; set due to reabsorption of car- 
bon dioxide. 

II. Complex Cements: Includes all those cementing ma- 
terials whose set is due to the formation of new compounds 
during manufacture or use. 

II. a. Silicate Cement: Set due to the formation of sil- 
icates. 

II. b. Oxychloride Cements: Set due to the formation 
pf oxychlorides. 
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I. SIMPLE CEMENTS. 

The raw materials from which cements of the present 
group are made occur in nature as hydrous calcium sulphate 
(g>psum) ; calcium carbonate (calcite, "limestone'') ; and cal- 
cium-magnesium carbonate (dolomyte, "magnesian lime- 
stone/') 

During the processes of manufacture — of which the fund- 
amental one is simply the application of a sufficient degree of 
heat, these raw materials part with much or all of their water 
or carbon dioxide, and the resulting cements are therefore 
composed respectively of an almost anhydrous calcium sul- 
phate ("plaster-of -Paris") ; calcium oxide ("quicklime") or 
a mixture of calcium and magnesium oxides (magnesian lime). 

On being used in such a manner that they can more or less 
freely reabsorb the water or carbon dioxide which has been 
Hberated during manufacture, the cements "set," this "set" be- 
ing caused simply by reassumption of their original composi- 
tion. Plaster-of -Paris which has set, for example, is not chemi- 
cally distinguishable from g>^psum from which it was manufac- 
tured, and, if we disregard the sand, added to counteract 
shrinkage, hardened lime mortar is nothing more or less than 
an artificial limestone. In the first subgroup of this class, 
water is the substance removed during manufacture and reab- 
sorbed during use ; in the second, it is carbon dioxide. An In- 
termediate subgroup should really be inserted, fin order to 
make the classification theoretically complete), to include those 
cements made by driving oflf carbon dioxide and setting in con- 
sequence of the addition of water. Here the raw material is 
a* carbonate ; the set cement a hydroxide. In this subgroup 
would fall magnesia and. under certain conditions of burning, 
the magnesian limes. The definition of simple cements, given 
above, would, of course, require slight modifications, 

I. a. HYDRATE CEMENTS. 

The raw material on which all the commercial cements of 
this class are based is gypsum. By its partial dehydration is 
produced plaster-of-Paris, by far the most important member 
of the group. By the addition of relatively small amounts 
of certain other materials, and by slightly varying the processes 
of manufacture, the time of setting, hardness, and other propn 
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erties of the plaster can be changed sufficiently to warrant sep- 
arate naming of the resulting products, some of which arc 
of considerable commercial importance for special uses. 

Plaster-of -Paris, Gypsum is a hydrous sulphate of calcium 
(CaS04, 2'R^O) whose composition, when pure, corresponds 
to isulphate of lime 79.1%, water 20.9%. As mixed it is usually 
far from pure, carrying at times as high as 25% or even more 
of impurities, chiefly silica* alumina, oxide of iron, and calcium 
carl^onate. Certain of these foreign ingredients seem to exer- 
cise an appreciable eflfect upon the rate of set of the resulting 
plaster. In addition to these variations from natural causes, 
^'accelerators" and "retarders" are frequently employed. 

Upon heating to about 120^-130® C. gypsum loses three- 
fourths of its water. Plaster-of-Paris, the result of this in- 
complete dehydration, is a definite hydrous calcium sulphate 
with the formula 2CaS04, HoO, corresponding to the compo- 
sition sulphate of lime 93.89K water 6.2%. (Complete dehy- 
dration of g\'psum, which would occur at about 170° C. would 
result in the formation of an anhydrous lime sulphate corre- 
sponding to the mineral anhydrite. This completely anhy- 
drous sulphate re-hydratos very slowly, and is consequently 
of no commercial importance.) 

Upon the addition of water, plaster-of-Paris rapidly re- 
hydrates and "sets" reassuming the composition of gypsum. 

The rate of set of plaster is regulated by the addition of 
non-cr\-istalline materials (blood, glue, starch, etc.) which serve 
to retard the set; or of alum or borax, which accelerate it. 

Keene's Parian, and other hard-finishing cements are made 
by adding to plaster-of-Paris a dilute solution of borax or ahim, 
and, after drying, reheating at a low red heat. 

I. b. CARBONATE CEMENTS. 

The cements of this group are oxides, derived from car- 
bonates by the application of heat, and becoming recarbonated 
upon exjwsure, under proper conditions, to any such source of 
carton dioxide as the atmosphere. From the examination of 
old mortars it seems probable that a certain amount of action 
takes place between the silica of the sand and the lime, result- 
ing in the formation of lime silicates : but this effect is of slight 
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importance compared with that occurring in consequence of 
the reabsorption of carbon dioxide from the air. 

Cements of this class are prepared at a higher temperature 
than are those of the preceding group, carbon dioxide requiring 
a greater degree of heat for its dissociation from limestone 
and dolomyte than is necessary for driving off the water from 
gypsum. Both pure lime and (to a somewhat less degree) the 
magnesian limes are of great importance as building cements. 
A note at the end of the section on magnesian limes calls 
attention to the fact that, under certain conditions, they de- 
velop hydraulic properties ; but in this case their set is not due 
to recarbonation, but to the formation of magnesium hydroxide. 

Lime. On heating a relatively pure carbonate of lime to a 
sufficiently high degree, its carbon dioxide is driven off, leav- 
ing calcium oxide (CaO) or ''quicklime." Under ordinary con- 
ditions, dissociation is perfect until a temperature of 925*^ C. 
is reached; the process is greatly facilitated by blowing air 
through the kiln, or by the injection of steam. On treating 
quicklime with water, "slaking" occurs, heat being given oil 
and the hydrated calcium oxide (Ca H2O2) being fonncd. 
This hydrated oxide, will, upon exposure to the atmosphere, 
slowly reabsorb sufficient carbon dioxide to reassume its orig- 
inal composition as a lime carbonate. In order to counteract 
the shrinkage which takes place during this process, sand 
is invariably added in the structural use of the material; and 
it is probable that certain reactions take place between the lime 
and the silica of the sand. These, however, though doubtless 
contributing to the rapidity of set and final hardness of the 
resulting mortar, are only incidental to the principal cause — 
recarbonation. The presence of impurities in the original 
limestone affects the character of the lime produced. Of these 
impurities, the presence of silica in certain quantities gives the 
product hydraulic properties ; these silica-limes will be dis- 
cussed in the next group as Hydraulic Limes. 

Magnesian Limes. The presence of any considerable 
amount of magnesium carbonate in the «tone from which a 
lime is obtained has a somewhat noticeable effect upon the 
character of the product. If burned at the temperature usual 
for pure limestone, magnesium limestones give a lime which 
slakes without evolving much heatj expands less in slaking, 
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and sets more rapidly than a pure lime. To this class belong 
the well known and long used limes from Canaan (Conn.), 
Tuckahoe, Pleasantville and Ossining (N. Y.), various local- 
ities in New Jersey, and Cedar Hollow (Penn.) 

Under certain conditions of burning magnesian limes yield 
hydraulic products, but in this case, as in the case of the pro- 
duct from pure magnesite, the set seems to be due to the form- 
ation of a hydrate rather than of a carbonate. At present 
advantage is not taken of this principle in the manufacture of 
hydraulic cements. 

II. COMPLEX CEMENTS. 

The cements of this group, though differing somewhat in 
other characters, agree in. one very prominenf ^^^uire: the 
(rational) composition of the cement, after setting is mark- 
edly different from that of the material, or mixture of mater- 
ialsi from which the cement was manufactured. Of the sub- 
groups (silicilate cements and oxychloride cements), the 
former is of great commercial importance, while the latter is of 
interest chiefly because of the use of certain oxychloride cem- 
ents in the fabrication of several artificial stones of some im- 
portance. 

II. a. SILICILATE CEMENTS. 

The silicilate cements form a very well marked and distinct 
natural group. All the cements of this class are hydraulic, 
though varying much in the degree of hydraulicity ; and, in 
all, this property of setting under water is due largely or en- 
tirely to the formation of tri-calcic silicilate (3CaO. SiOj) 
though an extensive series of other silicate or of silico-alumin- 
ates may also be found (Under the head of hydraulic limes 
will be noted one possible exception to this statement.) 

Le Chatelier has discussed this subject in great detail, one 
of his principal contributions being now readily accessible.* . 

In this group are included the three great classes of cem- 
ents, (natural, Portland, pozzuolanic,) as that term is used 
by engineers, together \vith the hydraulic limes. 

So far as processes of manufacture are concerned, two 
very distinct sub-groups can be formed. One of these is char- 
acterized by the fact that the calcareous and siliceous elements 

•Lb Chatblibr Tests of Hjdraalic Cements. Trans. Am. Inst. M. E. XVII. 
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are calcined after mixture (which mixture may be either nat- 
ural or artificial). In this sub-group fall the hydraulic limes, 
and the natural and Portland c«Tients. The pozzuolanit cem- 
ents, which fall into the second sub-group, are formed by sim- 
ple mixture, without subsequent calcination, of materials ot 
proper composition, one of the materials being invariably 
slaked lime, and the otlier a silico-aluminous material. 

Hydraulic Limes. The presence *of a certain amount of 
silica in a limestone gives hydraulic properties to the lime pro- 
duced by its calcination. Theoretically the proper composition 
for a hydraulic limestone should be calcium carbonate 86.8%, 
silica 13.2%. The hydraulic limestones in actual use, however, 
usually carry a much higher silica percentage, reaching at 
times to 2^7f : while alumina and iron are commonly present in 
quantities which may he as high as 6%. Thougli not positively 
detrimental to the quality of the hydraulic lime, it is probable 
that both alumina and iron may be regarded as inert, and there- 
fore negatively hannful. The lime content of the lii*i:cstones 
commonly used varies from 55/'^ to 65^^, 

After burning, water is added (usually by sprinkling) to 
slake the portion of the product consisting of free lime which 
must result from burning a limestone of the composition noted 
above. The slaking of this part of the product suffices to dis- 
integrate the entire mass, so that crushing is unnecessary. 

The hydraulic limes are, relatively to the cements proper, 
feebly hydraulic. The abundance of materials suitable for the 
manufacture of natural cements has prevented the manufac- 
ture of hydraulic lime in the United States, though in Europe 
the industry is of considerable importance. 

It seems probable that some hydraulic limes low in silica 
depend for their hydraulicity entirely upon the aluminates 
found (luring burning, but they are of little engineering value, 
or commercial importance. 

Xatura! Cements. This class, which is retained because of 
engineering necessities, is very heterogeneous. As commonly 
defined, it inchides all cements manufactured by burning, at 
comparatively low temperatures ( i. e., below the clinkering 
point) limestones containing sufficient silica, alumina or mag- 
nesia to give a hydraulic ])ro(luct. The difficulty in presenting 
a comprehensive definition for the group arises from the fact 
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that it contains cements ven' different in composition and 
character. In use, cements of this class may be distinguished 
from Portlands by their lower specific gravity, more rapid set, 
and smaller ultimate strength. They carry 20%-30% silica, 
307^ to 60 /'c lime, 27c to 4o7c magnesia, 0% to 20 ^ 
aluminum and iron. The mere statement of this range in com- 
position shows what widely different products are here in- 
cluded. The silica content is the least variable, as might in- 
deed be expected in view of the fact that to a large extent it 
causes the hydraulicity of the product. 

Portland Cement. Portland cement is the product obtained 
by burning an intimate mixture (in definite proportions) ol 
lime, silica and alumina to the point of incipient vitrefaction ; 
and pulverizing the resulting clinker. The mixture may be 
either natural or artificial. The proportions of its essential 
components, before burning, will vary little from lime 75%, 
silica and alumina 25%. The composition of the cement will 
oscillate within narrow limits about the proportions lime 60?^; 
silica 227<, alumina 87^. 

Portland cement is distinguished from natural cements In 
the fact that it is calcined at a higher temperature and from 
slag cements by the fact that, after calcination, no material 
is added (except a small amount of gypsum, to regulate the 
set). The specific gravity of Portland cement averages about 

The lime in the Portland cement mixture is generally de- 
rived from pure limestone or marl; the argillo-siliceous ele- 
ments from shales, clays or argillaceous limestones. 

Pocaiiolanic Cements. In this sub-group are included those 
cementing materials made by mixing in proper proportions 
without subsequent calcination, powdered slaked lime with cer- 
tain alumino-siliceous materials. As to origin, the materials 
added may be artificial (blast-furnace -slag) or natural (trass, 
pozzuolana, santorin). Slag is the only one of these at pres- 
ent used in the United States. 

The slag used must be basic, nmning high in lime. Im- 
mediately on issuing from the furnaces it must be "granu- 
lated'' by a jet of cold water. This material is dried and mixed 
with 15% to 407^ of powdered slaked lime; and the mixture 
finely ground. 



154 The American Geologist. ^^^^^ i^oj: 

II. b. OXYCHLORIDE CEMENTS. 

Oxychloride Cements. "In 1853 Sorel discovered the fact 
that zinc chloride mixed with zinc oxide united therewith to 
form a very hard cement. A solution of magnesium chloride 
in like manner sets with magnesia, the product being in both 
cases an oxvchloride."* 

Though cements of this class cannot well be put on the 
market as cements, the property above noted has been taken 
advantage of in the manufacture of a number of patented arti- 
ficial stones, the exact methods followed varying with the dif- 
ferent processes. "Sorel stone," one of these, is frequently 
quoted in engineering text-books, but has never come into any 
prominent use as a structural material. 
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The first published references to iron ore of commercial 
value in Minnesota were by geologists in the employ of the 
State or of the United States. Charles Whittlesev, of Ohio, 
was connected with the United States Geological Survey of 
D. D. Owen, in 1848 to 1850, and examined the region now 
containing these ores. Hypothctically he stated that the geo- 
logical structure warranted the expectation of iron ore north 
of lake Superior, but he did not see it, and his opinion was not 
published till i866,:J: after the State of Minnesota had instituted 
its own survey under Ilanchett and Eames. 

•TiiORPB. T. E. Dictionary Applied Chemistry, 3rd ed. 1JS94-, vol. i, p. 485. 

+ Paper read at Boise City, Idaho, before the International Mining Con- 
gress, July 2-t. 1901. 

X Report of explorations in the Mineral regions of Minnesota during the 
years 184-8, 1 ^^59 and 1864. Cleveland, 1866, p. 10. 
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Dr. Hanchett, in his report for 1864, states that he had 
seen samples of rich hematite from the vicinity of Vermilion 
lake, and had made an ineffectual effort to sec the ore in 
place.* Mr. H. H. Eames, however, in 1865, succeeded in 
reaching the spot, and his report for that year contains the 
first description of the Vermilion Iron range at any point, t 

Nothing further was known of this locality till it was re- 
ix)rted on again by the State Geological Survey in 1878. J 
From that date to the examination of Prof. H. H. Chester 
(published in 1884), no further public knowledge was pos- 
sessed of the Vermilion range, although Prof. Chester's ex- 
aminations were made in 1875 ^"^ 1880. Being for private 
parties, the information was not published until 1884.8 There- 
after the Minnesota reports contained almost annually some 
report on the Vermilion Iron range. 

The Mesabi Iron range was first noted by J. G. Norwood, 

of the survey of D. D. Owen, near Gunflint lake, in 1850. It 

was noted and reported by H. H. Eames at Prairie river, near 

the western extremity of the range in 1866.II Midway be- 
tween these extremes this range was discovered by the United 

States land surveyors, by reason of the magnetic character of 
the ore there contained in it. Exploration, however, did not 
turn out well at this point. The examinations of Prof. Ches- 
ter, in 1875, under the instigation of Mr. Geo. H. Stone, were 
directed to this part of the range, and his examination of the 
X'ermilion range at this time was incidental, and was done by 
Geo. R. Stuntz and John Mallmann, who had been sent out 
by him. Prof. Chester's report on that part of the Mesabi 
range was unfavorable, and nothing has transpired since to 
invalidate his conclusions. Other explorations followed, viz., 
in 1886, at Gunflint lake, and in 1888 at Mesabi station. Cap- 
italists also entered upon the range eastward from Prairie 
river, where experimental test-pits and shafts were sunk under 
direction of Mr. Eli Griffin. In the fall of 1890 the first im- 
portant discovery of iron was made, viz., the Mountain Iron 



• Report of the State Geologist, Aua. H. Hanchbtt. M. D.. St. Paul. 1864.. 

t Report of the State Geologist, Hbnry H. Bambs on the metalliferous 
region bordering on lake Superior. St. Paul, 1866, p. 11. 

X Geological and Natural History Survey of Minnesota, Ninth Annual Re- 
port. 1880, pp. 103 and 104. 

§ The Geological and Natural History Survey of Minnesota. Eleventh An- 
nual Report, 1884, p. 160. 

II Geological Reconnoissance of the Northern Middle and other countie«« of 
Minnesota, by Hknry H. Bambs, State Geologist, St. Paul, 1866, pp. 35. 56. 
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niine. As with the Vermilion range, the Minnesota Survey 
followed all the developments and sometimes guided them and 
prior to this date had mapped the range from' Gunflint lake 
to the Mississippi river. This map was published in the 
spring of 1891,* and was widely distributed. After the publi- 
cation of this map, and the report which accompanied it, ex- 
plorations were more systematic and less expensive. 

Attention should be called, at this point, to an miportant 
fact bearing on the utility of geological surveys. It will be 
noted that both iron ranges were discovered by geologists con- 
nected with official surveys, and that in their reports thrv 
called attention to the probable future value of these deposits. 
When the lately closed survey of Minnesota was engaged in 
that part of the state, the annual reports repeated and empha- 
sized the importance of these ores, describing them as fully 
as the circumstances would permit, and urging the citizens of 
the state to take steps to retain their wealth within the state 
rather than have it diverted to eastern capitalists. Elsewhere 
the writer has made use of the following language:! 

"(ieological surveys are sometimes accused of not discov- 
ering anything. Their function is described to be, to estimate 
and map out and descril>e discoveries made by others. They 
cannot go into the field equipi^ed with the necessary tools for 
digging and blasting. The practical explorer and the actual 
uMuer must do that. The explorer is a scout who usually pre- 
cedes all strictly geological surveying, and the miner is the 
rank and file of the regular army which opens up the mining 
industry and leads to the advance of other modem industries. 
The geological survey of a state may be considered, in general 
terms, a corps of ^sappers and miners,' or skilled engineers, 
ready to serve in any emergency, to guide in explorations, to 
construct and repair bridges, or to conduct the whole cam- 
l)aign, as cccasion arises. At least that has been the function 
of the Mir.nesota survey in respect to the development of the 
iron ores. They were discovered on both ranges by the State 
Creological Survey, under Mr. Kanies, who made the first 
known description of thcni. They have been repeatedly pub- 



* The Iron Ores of Minnesota. Bulletin vi. Geol. and Nat. Hist. Sur. Minn., 
Minneapolis, 1891, p. 112 and map. 

+ Discovcrv and development of the iron ores of Minnesota. Collections of 
the Minnesota Historical Society, vol. viii, p. 33, 1895 [1898], 
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lished by the present survey, and the trend of the Mesabi range 
was actually mapped prior to the discovery of any of the great 
ore bodies that are now known at Biwabik and Virginia.* 
The Geological Survey has been in the heat of the campaign 
from the beginning to the present. It has seen every test-pit, 
and has noticed the result. It has advised every mining com- 
pany, at least if its advice was asked. It has urged explora- 
tions in certain places, and it has had the unpleasant duty to 
discourage it in others, sometimes after many thousands of 
dollars had been invested. It has been a constant attendant, 
and sometimes a leader, in every important phase of this 
march." 

Since the commencement of shipments of iron ore from 
Minnesota, the state has steadily advanced in rank amongst 
the iron-producing states. The first shipment was made in 
1884. Last year the amount shipped was 9,834,399 long tons, 
and that of Michigan, the leader in this industry, was but 92,- 
328 long tons greater, these two states furnishing more than 
one-third the total output of the United States. 

Geological relatiojis. While the ores now exploited are de- 
rived from two formations, there are four formations in Min- 
nesota that contain notable amounts of iron ore, and these all 
may in the future become productive in commercial amounts. 
These formations are as follows, the oldest at the bottom : 

1. The Cabotian gabbro. I ^ 

2. The Animikie taconvte S 

3. The Upper Kewatin jaspilyte. ( a u 

rr»i T rr- i* • •! ^ i Arcnean. 

4. The Lower Kewatm jaspilyte. 3 

Of these, Nos. 2 and 4 are at present the only productive 
formations. The former (No. 2) is found in the Mesabi 
range and the latter (No. 4) on the Vermilion range. They 
both furnish hematite, that from the Mesabi range being 
"soft," and that from the Vermilion range being usually hard. 
The Chandler mine at Ely, however, on the Vermilion range, 
supplies an ore that is easily mined, and is sometimes denom- 
inated **soft." Some of the largest mines on the Mesabi range 
are simply great open pits, from 50 to 150 feet deep, into 
which steam cars and ^team shovels are run on a gentle grade, 

t Thi« map, however, was not pabli^hed till Jane, 1891,8h?rtlj after the 
first important discovery, the Mountain Irun Minr, wms pnblicly known. 
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the ore being scooped up by the steam shovel and dumped, 
without assortment or washing, upon the ore cars standing ad- 
jacent, and thence carried direct to the shipping point on lake 
Superior. But the mines on the Vermilion range are deep, 
underground, many-chambered excavations. The enclosing 
rock of the Vermilion range is a green-stone, usually alternat- 
ing with the iron ore sheets or strata, and varying to a strati- 
fied, water-laid rock showing plainly its oceanic origin. Al- 
ternations of strata of jasperoid silica with but little iron, with 
a green schist, or slate, are not an uncommon feature of the 
Lower Kewatin. The ore itself is a form of jaspilyte, a banded 
siliceous rock that occurs as lenses of greater or less size in the 
greenstone of the region. These bands are usually much con- 
torted, varying from pure white silica in very fine grain lo 
brown, purple and black in proportion as the ores of iron share 
in their composition. Hence, they present a handsome out- 
ward aspect. Being firmer than the surrounding rock, such jas- 
pilyte lenses frequently stand isolated high above the surround- 
ing surface. These contorted lenses, which are the most valuable 
as ore bodies, seem to have the structure of rhyolitic lavas, the 
banding being due to an original fluidal structure, and it is in 
thj periphery of these primary lenses that occur inter-lamina- 
tions of the fine silica with the green schists, denoting il:e action 
of sedimentation. Still, very large amounts of ]>an(led Jasperoid 
silica are apparently wholly of sedimentary origin, so far as the 
same is indicated by the straight banding, and by achiiixture 
with the green schists. On the Mesabi range the ore is in lenses 
as on the Vermilion range, but these lenses are of soft ore, and 
have a tendency to retire from observation. The lenses, more- 
over, are not composed of contorted laminations, but of 
straight or but slightly wavy strata, which can be seen to ex- 
tend from one end to the other. In these lenses the ore ceases 
to the right or left, or up or down in the stratification, by grad- 
ual change in the nature of the rock. This is not always by 
an increase in silica, which is the gangne impurity on the Ver- 
milion range, but by the encroachment of an impure ore known 
as taconyte. This taconyte is of two sorts, viz., ( i ) a sili- 
ceous granular rock, essentially like the ore itself but worth- 
less as ore because of the high per cent of silica, and (2) a 
gray or brownish amorphous rock which is neither ore nor 
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silica, but which still contains both substances. The transi- 
tion to this rock is not always abrupt, but sometimes it is quite 
gradual,' there being a gradation or alteration from the rock to 
the ore. Underlying the ore horizon is ahnost always a sand- 
stone or quartzyte, although this is wanting at the eastern end 
of the range and the ore comes directly on the granite or 
greenstone of the Archean. Overlying the ore is a black slate, 
and this black slate is also somewhat inter-stratified in the ore 
at a few points. This black slate becomes more siliceous and 
coarse, making quartzyte, and develops into a great thickness. 
Unconformably over the whole country the Cretaceous ocean 
deposited its own sediments, but these have as yet been found 
only in isolated places, and they present no obstruction to the 
prospector or the miner. The drift deposits are heavy and 
reach in some places a thickness of a hundred feet. In the 
productive part of the range the iron bearing rock, and the 
ore, are wholly hid by the drift sheet. 

The most interesting points in the natural history of the 
iron ores of Minnesota are connected with their origin. Iron 
ore, like all ores, has had a cause for its existence, some cause 
however, inherent in the operations of nature which has pro- 
moted its accumulation at certain places in j^rcater amount : 
for all the ores, and especially iron ore, are widely disseminat- 
ed. There is probably not an ounce of natural water on the 
face of the earth, unless it be freshly fallen from the clouds, 
that does not contain a small amount of iron in some form. 
The problem has been to learn the factors that have collected 
this iron in large amounts at certain places. 

The late R. D. Irving supposed it to have resulted from the 
oxidation of a carbonate of iron. He postulated, therefore, a 
great primordial vegetable age whose characteristics could be 
compared to those of the Carboniferous, and whose function was 
to store up carbon, and secondarily iron ore. Carbon and iron 
ore are frequently associated, as in the Coal Measures, the fo -• 
mer taking the chemical combinations of limestone and the 
latter of kidney iron ore. In the application of this theor}- 
the kidney iron ore, and the siliceous carbonate of lime are 
supposed to have combined to produce a "cherty carbonate," 
and from this last the present ores resulted from simple ox- 
idation and concentration. The fortuitous positions of the 
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strata, their inclination, their alternation in composition and 
their having been broken and penetrated by igneous dikes, 
have had much to do. according to this hypothesis with the lo- 
calization of the chief iron deposits. 

Dr. M. E. Wadsworth advanced the idea that the jaspilyte 
seen at Marquette, Mich., which there constitutes the ore-bear- 
ing rock, is of igneous origin, the direct result of igneous in- 
trusion amongst the other rocks of the region. He appealed to 
certain structural features which to him indicated such forcible 
fracture and intrusion. 

Mr. J. E. Spurr, working for the Minnesota Geological 
Survey, with minute microscopical inspection and by means of 
a combination of field observation with chemical and petro- 
graphical research, traced the iron oxide back to greensand, 
which he took to have been glauconite. This supposed glau- 
conite was compared to that formed of foraminiferal remains 
in the Cretaceous formations and it led naturally to the sup- 
position that the sea in which the ore was formed was one that 
swarmed with microscopic organisms. 

The latest hypothesis of the origin of the iron ores of Min- 
nesota is that of the writer published in the fifth volume of the 
Minnesota rep)ort. Accepting the greensand of Mr. Spurr as 
the immediate source of the Mesabi ore, this hypothesis as- 
sumies that such greensand is not of the nature of glauconite, 
but of volcanic glass or basic obsidian. It presumes that an 
epoch of igneous activity began at or near the commencement 
of the Taconic, not only in Minnesota but throughout the lake 
Superior basin. This was accompanied by igneous eruption 
and lava flow^s. Such lavas were frequent near the ancient 
ocean shores and gave rise to miuch obsidian. They were also 
submarine, and heated the ocean adjacent, giving it more 
powerful attack on the pre-existing shores as well as on the 
lavas themselves. The result was the distribution of glass 
sands along the ancient shores in the same manner as silica 
and other sands accumulate along the shore of lake Superior 
at the present time. Such sands, more or less mingled with 
the traps from which they were derived, constitute at the 
present the soft ores and the two sorts of taconyte mentioned 
above. The same explanation is applied to the ores of the 
X'crniilion range.' but it is necessary to understand that in the 



fron Ores of Minnesota, — IVinchell. i6i 

Vermilion range the chief ore bodies are composed of the al- 
tered obsidian lava masses, instead of sands of detritus derived 
from them. In both ranges the chemical attack of the oceanic 
waters on the lavas resulted in the silicification of the obsidian, 
and the concentration of the contained iron locally in the lenses 
mentioned, while the alkaline elements were carried away in 
solution as carbonates. Along with this chemical change in 
the obsidian, the ocean itself deposited in the near vicinity a 
large amount of chemical silica and probably of iron, these 
substances, especially the former, forming the stratified jaspi- 
lyte associated with the ore bodies and furnishing also the fine 
silica which permeates the fine schists of the region. The de- 
tails of the evidence of this hypothesis cannot be given. Suf- 
fice it to say, that it satisfies all the conditions and depends on 
long examination in the field, and on microscopical examina- 
tion of the ores. It also throws light on some unsolved struc- 
tural problems connected with the eastern end of the Mesabi 
range. It appeals to the well known tendency of silica to re- 
place all non-crystalline substances when it is in solution in 
alkaline water, preserving their forms. Wherever these lavris 
became crystalline prior to cooling, they seem to have main- 
tained their composition, in the main, only having been pene- 
trated by interstitial silica and reddened by the entrance of a 
small amount of iron. When they were incipiently crystalline 
they have been changed to the masses of hard grayish-brown 
taconyte which replaces the ore on the Mesabi range. 

If with this hypothesis in mind, we attempt to forecast the 
future of the Mesabi iron range, we can restore in our mind's 
eye the ancient shore line of the Archean across northeastern 
Minnesota. We can see the sands resulting from the commi- 
nution of the lavas, drifting westward along that shore, ever 
increasing toward the west, as the shore sands of lake Superior 
at the present drift westward and accumulate in greatest 
amount in the col at the western end of the lake. The Arch- 
ean lands of northern Minnesota may have formed a shallow 
strait, or even a Taconic col, somewhere to the westward from 
Duluth, and into that col the Taconic waves must have driven 
the sands in question. If we could remove the drift from 
northern Minnesota and could see the lines of the old Taconic 
shore, we could doubtless see the location of the greatest 
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amount of these sands. In case the same chemical processes 
attacked these sands throughout their extension, we should 
doubtless find the greatest deposits of the Mesabi ore in the 
western extension of this Taconic col. 

There is, therefore, no theoretic reason to expect that the 
Mesabi ore is near its exhaustion. On the contrary, the pres- 
ent productive area can hardly be expected to be its greatest, 
but new discoveries are likely to greatly enhance its volume 
and its geographic range. 

Minneapolis, July 20, 1901. 



NEW EVIDENCES OF EPEIROGENIC MOVEMENTS 
CAUSING AND ENDING THE ICE AGE. 

By Warrbn Upham, St. Paul, Minn. 

The evidences of great epeirogenic uplifts which arc ascer- 
tained by soundings of fjords and of river valleys on the sub- 
marine slopes of North America, Europe, and western Africa, 
belonging to the Pleistocene period, far surpass the ordinary 
geologic record of epeirogenic movements through long pre- 
ceding periods and in the recent and present time. From the 
submerged valleys or channels of the Hudson river and the St. 
Lawrence, of numerous rivers then flowing into the Pacific 
from California, of the Adour off the southwestern coast of 
France, and of the Congo off the African coast south of the 
equator, as also from many other such submerged channels 
along the border of these continents, it is known that during 
the latest geologic period, which in its culmination was char- 
acterized by the accumulation of the North American and 
European ice-sheets, these great land areas of three continents 
were elevated 3,000 to 6,000 feet, or more, higher than now.* 

•Several papers in which the evidences of epeirogenic movements causing 
glaciation have been considered bj the present writer arc as follows: 

The Ice Age in North America, by Pkof. G. F. Wkioht, 1«89; appendix, pp. 
673-595. 

Bulletin, Gcol, Soc. of America, vol. i, for 1889, pp. 563-7; vol. x, 1898, pp. 
5-10 

Am. GBOI.OGI8T, vol. vi, pp. 327-339. Dec. 1890; vol. xxii, pp, 101-108, 
Ang., 1898, treating of the fjords and submerged valleys of Europe. 

Proc. Am. Assoc. Adv. Science, vol. xli. 1892. pp. 171-3, treating of the 
Congo submarine valley and the ''Bottomless Pit," off the coast of western 
Africa. 

Very important early papers assigning land elevation as the cause of the 
Ice Age were published by Dana and LbContk, and this view is well stated in 
their text-books of geology. 
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The vast areal extent of the uplifts, and the great altitudes 
which they attained, producing an arctic climate and snowfall 
during all the year in the present temperate zone, were perhaps 
never before equaled, on so grand a scale, in the earth's his- 
tor>'. Their result, the Ice age, was not less unique, being 
alone, as a period of continental glaciation, during the very 
long eras -since the closing part of Paleozoic time. The very 
great depths to which the bottoms of the former river valleys 
are submerged have been so lately determined, and they seem 
so astonishing in comparison with the general geologic sta- 
bility and permanence of the continents and ocean basins, that 
all geologists will welcome the report of Prof. W. C. Brog- 
ger's recent studies of epeirogenic movements preceding, at- 
tending, and following the glaciation of the Christiania region 
in southern Norway.* 

An English summary of this volume is given at its end, 
in pages 679-714, followed only by its indexes and plates. The 
figures of the fossil marine molluscan faunas, of Late Glacial 
and Postglacial age, occurring near Christiania, comprise 140 
genera, represented by 277 species. Many of these species are 
illustrated by two, three, or four figures; and for a consider- 
able number two or more varieties are figured. 

These studies are very instructive, a»s they take account of 
a hitherto generally unrecognized or neglected class of evi- 
dences of land uplift and subsidence, namely, the character of 
fossil marine shells, which give testimony by the species and 
their known habitats, ais in deep or shallow water, or on shores 
at or near the range of the tides, concerning the altitude of the 
land when they were living at the localities, since depressed or 
uplifted, where they are now found fossil. 

During the time of maximum extension of the European 
ice-sheet, according to the opinion of Brogger/ the Scandinav- 
ian peninsula was greatly uplifted; and probably all western 
Europe participated more or less in the same movement. The 
evidence noted by Brogger consists in the occurrence at great 
depths in the Norwegian sea, near Spitzbergen and between 
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•Om de Scnulaciale og Postfflaciale NiTaforandrinrcr i Krjstianjafcltct 
(Molluikfantian) [On the Late Glacial and r>o«tRla«*lal Cbanjret* of Le^el in tbe 
Christiania Rcfirion], by W. C. Brooobr. apnfated by E. B. Mwm^tww 1». Oybk 
and otber». Geological Sttrrcy of Nofway. No. 31 j pfiReft 7il, 'itfith 19 plates, 
and 09 figures in the text. Christiania, 190i) and lOOl. 
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Iceland and Jan Mayen, of fossil shallow water mollusca of 
the arctic Yoldia fauna, dredged at depths of 1,000 to 1,333 
fathoms, or 6,000 to 8,000 feet. As the Norwegian fathom 
and foot slightly exceed these measures of English usage, it 
appears that this region of the sea bed, presumably with the 
contiguous land areas to such extent as to form a large tract 
of the earth crust, "must have been uplifted at least 2600 
metres higher than it is at present." 

Dr. Frithjof Nansen, discussing this hypothesis, concludes 
that transportation of these shallow water shells by floating ice 
in floes or bergs to be dropped from them to these great depths 
of the sea is extremely improbable. "If so," writes Brogger, 
"no other explanation is left than the supposition of a former 
uplift of the sea bottom." 

The elevation which may be thence inferred for Scandi- 
navia before and during the accumulation of the ice-sheet 
would permit stream erosion of its many long, irregular, and 
branching fjords. The longest and deepest, the Sogne fjord, 
extending inland in a devious course more than a hundred 
miles, has a sounding of 4,080 feet near the middle of its 
course. At the mouth of Aurlands fjord, seventy-five miles 
from the outer coast, its depth is 3,875 feet ; and this southern 
branch fjord, sixteen miles long and about one mile wide, 
lying between precipitous rock walls 3,000 to 4,000 feet high, 
has a depth of 1,535 feet at the mouth of its magnificent trib- 
utary, the Naero fjord, which is about ten miles long and varies 
in width from a tenth to three-fifths of a mile. These 
and the other abundant fjords of Norway seem to me to have 
been eroded by rivers to nearly their present depth when the 
land stood thousands of feet above its present hight. 

Brogger shows that the Drammen fjord, which he specially 
studied, was made shallow in its outer or coastal part by 
deposition of glacial and modified drift, chiefly during the clos- 
ing Champlain epoch of the Ice age, attended by the formation 
of marginal moraines, while its deep inland course was still 
filled with ice, and that this inner part of the fjord was left 
nearly free of drift when that ice melted. Another reason for 
the usual deepening of the fjords as they are followed inland 
may be a greater preglacial uplift of the inner part of the 
country than of the coast, accounting, with drift deposition as 
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thus noted, for the greater part or nearly all of this difference 
in depth. 

Glacial erosion, which contributed the latest part in the 
sculpturing of the fjords, also tended to the same result; but 
I think that this element of their origin was secondary to river 
action and far less efficient. The tributary drainage courses 
opening at great hights upon the sides of the fjords, called 
"hanging valleys" by Gilbert and regarded by him and by 
Davis as proofs of mainly glacial erosion of the grand fjords, 
may be attributed in some places to changes of the preglacial 
topography by glaciation and drift deposits, carrying post- 
glacial streams where n©ne before existed. It is very difficult 
to suppose that the greater part of the channeling of the fjords 
of Norway took place during the glaciation of the country, by 
ice erosion, as would be required by the argument from trib- 
utary **hanging valleys,'* entering the great fjords by high 
waterfalls. According to that explanation, the masses of 
morainal drift at the mouths of the fjords along the outer coast 
would be of mountain size. More probably the fjord erosion 
in Norway was chiefly accomplished by rivers during the long 
Mesozoic and Tertiary eras, the stream beds being finally 
worn nearly or quite to the bottoms of the present fjords at the 
time of culmination of the pre-glacial and Early Glacial land 
elevation. The ensuing ice sculpture and drift accumulations 
gave the superficial and minor features of the landscape, but 
not its grand outlines. The great depths of the Norwegian 
fjords seem to me due mostly to preglacial stream cutting; 
but these very deep main river valleys were widened by 
glaciation from V to U forms of cross sections, the tributary 
valleys being thus truncated with precipitous falls.* 

Stages in the depression of this part of the earth crust 
from its great preglacial elevation are cited by dredgings from 
originally littoral shell banks at depths of lOO to 300 meters 
along the west coast of Norway, southwest of Ireland, near 
Rockall, and off the Faeroe islands. 



• Consult recent papers by Prof. Edward Huli. on the fjords and sub- 
mer^d valleys of Bn rope and Africa, Journal of tbc Victoria Institute, Lon- 
don, vols, xxz-xxxiii. 1898-1901; and by Prof. W. M. Davis, on Glacial 
Urosion in France, Switzerland and Norway, Proc, Boston Soc. Nat. Hiat., 
vol. xxix, pp. 273-322. with plates, July, 1900, giving the bibliography of the 
theory of fjord erosion by glaciation. 
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Later, clianges of the mollusca inhabiting the sea in the 
Christiania valley during the formation of the several marginal 
moraines, marking successive pauses of the retreat of the ice 
boimdarv, enable onr author to distinguish six successive 
faunal conditions, passing more or less definitely from one to 
another, as follows: 

1. The older Yoldia clay, deijosited on the present sea 
bed near the shores and on the land to the outermost moraine 
ridge, denoting a gradual sinking of the land from 30 meters 
or more almve its present level to about 30 meters below that 
level. 

2. The younger YoKlia clay, only one to two meters thick, 
belonging to the later jwrt of the time of fonnation of the 
outer moraine, denoting snhsidene lo ahoui ~^ meters lower 
than now. 

5. The oldest Area clay, a few meters thick, also found 
exi-Iusively ouisiile the outer n;oraino, proving a continued 
sinking initil che land was depressed 100 to 1 >5 meters lower 
than it is at pri-sont. 

4. The middle Area clay. 01 deep water, and the older 
Fonlandia clay, of less deptii. lomiing together a ven,' thick 
deix^it Ix'tweeTi the outer or first and the setond series of 
marginal moraines, wliich are twelve to fifteen miles apart. 
A: the time 01 its deimsition the land was at least 150 meters 
lower tlian now. ami the temivniiure oi the sea, though still 
arc::c, was si^newhai wanner than in the preceiling stages. 

5. The younger Area clay, nnich worktil for brickmaking 
in :!-.e Christiania valley. detx.»iiei; heiwe.-n iIk" seeoml series of 
iT.oraines an<: ;!ie ihird gri'at series. shi>win^ a fnnher moder- 
aiii'!: ,:* :!:e si-a teminrature ;m.; :\ c.-niinisance of the siib- 
r:ergn:oc. A: the same time, :ho \--v.nger Tonlandia clay, 
reT'resen;:iijr 'ess ilepihs .-i water, w.ts siTead als.* outside the 
ir.'T-'. :;■■ raiv.e series, a; a!;!n:.:es of !>v ; ■ 1-5 nK'lcrs above 

\'::c 1. ;>:;e':.i :.mi".Li, re.r.rriiig 0:5 a dead coral reef at 
D- '■,*!'<. i-'-.::'.: ..;" i,"r.r:s::,i;i:,i. Ivlongiri: 10 a somewhat wanner 
Sii -.: :'.•■.- >-,.\i;i- , i ■.i;,i\i-.:;u!n submergence, when the h^[hest 
>■■, --, '.-."i. :'.ere 1S.1 ;iK-tors ,il-'\e tlic present slx'tr, was 

r-.-.i.;. .■■■■- •'.iv.r.A :s believet.1 t" have bm^fii 
\4:-.V •'.:•. r.r.'r. s:.i:i.'n oi rives^lim of J 
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epiglacial moraine stage. At Christiania the upper marine 
boundary is about 215 meters above the sea, showing a dif- 
ferential postglacial uplift increasing in amount from south 
to north between these places. During the epiglacial stage 
the sinking of the land ceased, and the postglacial re-elevation 
began. 

For the whole period of sinking between the formation of 
the outer marginal moraine and the fifth or epiglacial series 
of moraines, Brogger proposes the name of the Christiania 
period. It corresponds to the Champlain submergence in 
America, and this time, closing the Glacial period, may well 
l>e named on both continents the Champlain epoch, as this 
name has priority. 

Dr. Brogger and his assistants have made likewise careful 
studies of the shell banks belonging to the postglacial period 
of re-elevation of this part of Scandinavia. It is thought that 
the Champlain sinking began on the borders of the peninsula, 
and gradually extended to its central area, where the depres- 
sion seems to have been more than in the peripheral tracts, as 
was pointed out several years ago by Baron De Geer, from his 
investigations made principally on the southeastern side, in 
Sweden, adjoining the Baltic sea. Similarly, the ensuing up- 
lift of Norway and Sweden to their present hight vs shown 
by the characters of the marine molluscan faunas, which are re- 
ported in full details, to have begun earliest in the peripheral 
parts and to have advanced faster there than in the central 
parts of the country, at least during the first half of the uplift. 
The re-elevation thus proceeded, as in the area of the glacial 
lake Agassiz, like a wave of permanent uplift, from the re- 
gion earliest unburdened of the ice weight to the central region 
where a part of the ice-Asheet remained latest unmelted.* In 
the Christiania district no interruption and temporary reversal 
of the general postglacial uplift has been recognized, such as 
De Geer and others have shown for southern Sweden and the 
Baltic basin. 

Numerous computations and estimates collected by Hansen 
in Norway, Sweden, and other parts of the glaciated area of 
Europe, indicate that the Ice age there ended about 5,000 to 

• Journal ofGeoingv. vol. ii. pp. 3«3-H95. MHy-June. 1894. U. S, Gcol Sur- 
rey, Monograph xxv. "The Glacial Lake Aga«*iz." 189.5. pp. 474-522. 
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io,cxx) years ago, agreeing thus with the duration of the Post- 
glacial period estimated in America by Winchell, Wright, and 
others, including the present writer. The re-elevation of the 
area of lake Agassiz, to a vertical extent of 400 to 500 feet, 
took place, as I think, within a duration of no more than 
1,000 years, with departure of the ice-sheet froin that lake 
area and its drainage as now to Hudson bay. The uplift there, 
in the center of North America, was thus at the average rate, 
probably, of half a foot or more yearly, during several cen- 
turies.* In Scandinavia, and in the United States and Can- 
ada, the Glacial period was terminated alike by a great de- 
pression of the land from the high elevation to which it had 
been raised in preglacial time, and which continued doubtless 
through the greater part of the long Ice age. By this Cham- 
plain depression a temperate climate was restored on the 
boundary of the ice-sheets, which therefore receded by peri- 
pheral melting, probably with pauses or often short re-ad- 
vances where marginal moraines were formed. 

Under these temperate conditions, nearly the same fauna 
and flora followed close to the receding ice border as those 
which characterize the same regions today. Such climatic, 
faunal, and floral conditions, with the mainly rapid, but some- 
times wavering and interrupted, departure of the ice-sheet and 
re-elevation of the land from its Champlain subsidence, seem 
to me to require my explanation of the origin and histor\' of 
the Toronto and Scarboro drift series, J instead of the view 
presented by Prof. A. P. Coleman. § If epeirogenic move- 
ments of great preglacial elevation of a continent and ensuing 
depression, like those of Europe and America reviewed in this 
paper, have been respectively the causes of the oncoming and 
of the end of continental glaciation. it appears to me very 
highly improbable that such an interglacial stage as Coleman 
infers could have a place in the Glacial period. 

Xor is the difficulty oi causation for distinct epochs of 
glaciation lessened. ai)parently. by the ingenious theories re- 
cently proposed by lliamhcrlin to account for the climatic 
changes of the Ice age. I According to any available theorj' 

• "The Glacial Lake Ajiassiaj." pp. '2'27-'2-^'2. 
t Am. Okologist. vi>l. xxviii. pp. 300 :U<>. Nov., 1901. 
JAM. Gf.oi.oi;isT. vol. XXIX, pp. 71-79. Feb.. 1902. 
Journal ot r,eolof:v, vol. v, pp. «r>3-68a. Oct. -Nov., 1897; toI. vil,pp.545- 
584. 667•«^^>. 7r>l-7S7. Sept. -Dec, 1899. 

1.-'. 
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for explaining its causes, aside from the astronomic theory, 
of Croll, which does not agree with the late time of termina- 
tion of European and North American glaciation, it is ex- 
tremely unlikely that this most unique great event of geology, 
the accumulation of continental ice-sheets, could be repeated 
two or more times, with intervening complete departure of 
the ice. 



A PERMIAN GLACIAL INVASION. 

By Bds(in S. Bastin, Ann Arbor, Mich. 

The memoir by Mr. G. A. F. Molengraaf * on the "Geology 
of the Transvaal," which recently appeared as a bulletin of 
the Geological Society of France, contains not only much ma- 
terial descriptive of a country which seems to offer unusual 
attractions to the geologist, but contains much that is of 
especial interest to the student of glacial geolog\'. 

It appears that the basement formations of the Transvaal 
which are of lower palaeozoic age, (the exact age is not yet 
determined J are overlain unconfonnably over the whole south- 
ern half of the Transvaal by the Karroo series, divisible into 
the upper and lower Karroo formations. 

The lower Karroo beds are conglomerates, in some regions 
very coarse and unstratified and in other regions composed of 
finer materials and stratified. Mr. P. C. Sutherland, a number 
of years ago, advanced the hypothesis of the glacial origin of 
this formation and assigned it to the Permian, and the work 
of Mr. Molengraaf seems to place the matter beyond doubt. 
Not only do the unstratified portions of the Karroo conglom- 
erates present all the characteristics of glacial till in their 
physical and lithological heterogeneity, but in many localities 
the surface of the underlying primary rocks have been found 
to be polished and scored in a manner corresponding exactly 
to the scorings left by the ice of our Pleistocene glacial in- 
vasion. Roches moutonnees are also found in their typical 

forms. 

In addition to this, the stratified portions of the Karroo 
conglomerates which, as a rule, lie to the northward of the 

• »«// C/>/« a^ol de France. Tome i. 1901, pp. 13-93. -Geologic di lo 
Repn?hq«^Snd AWcaine di. Tran.vaal." par G. A. F. Molengranff. 
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uiistratified portion, exactly correspond in lilliological charac- 
ter and mode of deposition on the underlying rocks, to the 
water-laid materials which were deposited by the waters flow- 
ing from our Pleistocene glaciers. 

The beds of the upper Karroo series are of a different char- 
acter. They consist of horizontal strata of fine materials, 
clays and sand, free from pebbles and very bartl and compact. 
and they overlie the lower Karroo over the eastern portion of 
the Transvaal and over a large part of the Orange Free State. 
They form the plateau of Hoogc \'eld in the eastern Trans- 
vaal and are cut by numerous dikes of diabase which have 
often spread out so as to cap the plateau. The upper Karroo 
formation gives evidence of being, in the main, lacustral in 
origin and is supposed by Mr. Molengraaf to have been de- 
posited in the <|uict waters of glacial lakes which were formed 
(luring the retreat of the ice. 

We have then, represented in these Transvaal beds of 
rerniian age, every variety of glacial material which we find 
ill our own Pleistocene deposits. This evidence brought for- 
ward by Mr. Molengraaff is only another link in the chain of 
evidence which has been slowly collecting, not only in South 
-Africa but in Australia and in India, of a great glacial invasion 
in the southern hemisphere in Pennian times, an invasion 
which rivalled in magnitude our own Pleistocene ice age. 
From Australia* and t and Tasmania are reported numerous 
traces of glaciation, moraines, and polished surfaces, which 
are referred by Mr. F. W. E. David to the penno-carbonif- 
erous. Iti India wc have the riondwana system of Permian 
age presenting almost precisely the same characteristics as 
the Karroo series of the Transvaal, the underlying rocks being 
also scored. 

There seems to be no ground for doubting the contempo- 
raneity of origin of the deposits in these various regions and 
a general ]>eriod of glaciation in the southern hemisphere in 
Permian times. 
riiivcrxily of Michigan, l-'eli. ic^2. 
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ORIGIN AND DISTRIBUTION OF MINNESOTA* 

CLAYS. 

By CHAKLBt P. BSRKVY, Minneapolis. 

Minnesota k represented by the usual kinds of clays in fair 
abundance. In a natural classification based upon origin as the 
chief principle of separation all of the different members are 
to be found within her boundaries. But the rather common 
classification into brick clays, pottery clays, fire clays etc., is 
not serviceable in the present study of Minnesota material, t 
A wide range of uses has not yet been established with these 
materials, while the factors leading to definite conclusions as 
to origin are better known. 

The ultimate origin of all clays is the same the world 
over. Decay of feldspathic igneous rocks to earthy hydrous 
silicates has furnished practically all of the materials from 
which has been derived and accumulated all the minor classes 
and qualities of clays. But the immediate origin of any par- 
ticular deposit is always some special method of accumula- 
tion or transportation and is nearly always determinable. It 
is these minor differences of origin that serve as the best 
means of separation into characteristic classes or types, and 
it is often these same differences that have most influenced 
the quality as well as the abundance of neighboring deposits. 

The terms necessarily used in such a classification are well 
known to every student so that definitions are wholly unneces- 
sary, but a discussion of the development of the various clays 
of this state will give some opportunity to explain special 
features. 
I. Residuary Clays. 

These are clays of all sorts whose immediate origin is the 
decay of rock formations and in whose accumulation transpor- 
tation has not been a prominent factor. 

I. Kaolinic decay products from feldspathic rocks consti- 
tute the simplest case. Although rocks that would produce 
such materials are very abundant in Minnesota geological 

♦ Abstract of a paper r«ad before the Minnesota Academy of Natnral 
Sciences. Feb 11.1902. 

t County descriptions in the series of Pinal Reports, vols. i. ii, and iv, of 
the Minnesota Ueolo^ical and Natural History Survey contain many discus- 
sions of the clays of different localities in their relations to other geologic 
formationi*. 
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formations, the actual distribution of such residuary deposits 
is very limited. This is no doubt largely due to the invasion 
of glacier ice which transported and worked over almost all 
of the original weathered zone. Post glacial decay has ac- 
complished little. The numerous outcrops of granite, gneisses, 
and gabbro are comparatively fresh. So complete has been 
the destruction of this earlier wxathered zone that only in the 
most protected areas is there any remnant of it still to be 
found. In a few places in the Minnesota valley, however, there 
are exposed deeply decayed granitic gneisses. Such an oc- 
currence at Redwood Falls has attracted some attention from 
time to time but has not seemed to w^arrant development. 

2. Common residuary clays are from the insoluble residue 
left on the surface exposures of limestone formations as a re- 
sult of continuous weathering and loss of soluble constituents. 
They are of limited areal extent for largely the same reasons 
as in the above case. In the "driftless area" of southeastern 
Minnesota, how^ever, there are deposits of this type. There is 
no noteworthy brick production from clays wholly of this ori- 
gin. Deposits in this area are so intimately associated with 
loess accumulations, which are also used, that distinctions can 
be made only in individual cases. 

II. Transported Clays. 

A. Sedimentary Formations Used as Clays. There are 
several different formations used, the most valuable being 
Ordovician and Cretaceous shales. 

I. Argillaceous Slates. These are true slates — older meta- 
mori)hoscd shales. A plant at Thomson, thirty miles south- 
west of Duluth, is the only one that has tried this kind of 
material. The slates have to be crushed and the dry press 
process is used. Bricks made from this formation w^re good 
in quality and finish, but the expense and difficulty of handling 
such material seems to have discouraged the enterprise. No 
product has been reported for several years. There is no fault 
in the method of working, but the slates are very hard and do 
not lend themselves easily to economic working. 

The slates themselves are not of great extent. Cloquet, 
Thomson and Carlt^m mark the localitv about which thev 
occur. 



Minnesota Clays. — Berkey. 173 

2. Clay Shales Fonnations. Shales are sedimentary rocks 
formed as the direct result of transportation of residuary and 
decay products and their assortment by water. They are, as 
clay shales, fine grained, friable and carry varying quantities 
of such impurities as sand, lime, iron and organic matter. 

Such shales are abundant in the sedimentary districts of 
Minnesota. To this class belong some of the most valuable 
and noted deposits of the state. 

The Ordovician shales are found only in the southeastern 
quarter of the state. Minneapolis is very near this northern 
limit. The Minnesota river bluffs near St. Paul exhibit their 
typical development and relationships to the limestone beds of 
the ordovician. Alternating beds of limestone and shales oc- 
cur with the result that an excess of lime renders a large por- 
tion of the total thickness unsuited to economic uses. But from 
these shales the Twin City Brick Company, whose plant is in 
St. Paul, make the only first-class brick produced at the present 
time in Minnesota. Grave difficulties to successful working 
have been so far overcome by this company that they already 
have a reputation throughout a large part of the United States 
for an exceptionally attractive line of front brick. Their 
range of artistic colors in pressed brick is the envy and de- 
spair of almost every competitor now in the market. 

Although the same beds occur in abundance at other points 
in the general district mentioned, and although they have 
proven so valuable to this one company, still no other develop- 
ment of them has yet been attempted. 

Cretaceous shales in at least one occurrence are very noted 
and of great value. This is in the case of the stoneware clay 
of Red Wing. The deposit there is very limited in area and 
bears some evidence of considerable glacial disturbance but it 
is essentially a representative of the great shales formations 
of Cretaceous age. Stoneware industries founded upon this 
deposit at Red Wing have no superiors in quality or quantity 
of product in the United States. 

Similar formations occur at other points especially in the 
western half of the «tate beneath the drift, but none have yet 
been found to exhibit so valuable qualities as the Red Wing 
stoneware clav. 
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B. Glacial Clays. Clays which may be traced directly to 
conditions connected with glaciation are designated by the 
three terms till, glacial stream deposits and glacial lake clays. 
All of them are abundant, each type is used in common brick 
manufactnre and here and there sane particular deposit has 
proven of special importance and value. 

I. Glacial Till or boulder clay is most common of all the 
glacial clays. Occasionally there has been a partial assorting 
of materials approximating the well known "modified drift" 
and an accumulation of the finer clayey constituents into de- 
posits comparalively free from injurious coarse matter. By 
far the greater number of deposits of course do carry much 
injurious matter of this sort and are not workable for this 
reason. In localities where some effective assortment has op- 
erated and where the Kaolinic constituents have, been abund- 
ant these accumulations become useful and important. 

.^n important deposit of this kind is that near Princeton iu 
Mille Lacs county where a splendid quality of common red 
brick is being made in large quantity. Similar deposits are 
worked in other localities but most of them on a smaller scale. 

In the case of these till accumulations especially a knowl- 
edge of the main features of glaciation serves as a good guide 
to certain standard qualities of the products from them. For 
example there are two contrasting types of drift in Minnesota, 
— one is called the "gray" drift which has been brought by ice 
movements from the north and northwest, the other is called 
the "'red" drift which has come from the north and northeast. 
These two overlap in part in the central areas, hut the two are 
seldom intimately mixed. As a result each gives its own char- 
acteristic quality to the clay beds produced from it. Gray drift 
carries an excess of lime and accordingly bricks made from 
the unwcathered clay of this relationship always bum light- 
colored. Where weathering has converted this, however, into 
a residuary product, loss of lime may cause sufficient alteration 
of [iroportions to give a red color. The red drift carries an 
excess of iron. These clays burn red. But as a rule they are 
inclined to exhibit greater C()arseucss of texture and are also J 
of smaller areal extent than the gray drift clays. 

2. Ghiciiil lakr clays are closely related tn the modifi 
condition of the last class, hut in this case it is alwavs C 
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that the material was actually laid down in quiet water such 
as a lake would afford. The clays of this class appear to be 
interglacial in point of time of accumulation and seem to have 
been in part an accompaniment of the oscillations and mutual 
adjustments of the ice streams from the east and the west. It 
is only in the zone representing the intermediate territory be- 
tween these two that such deposits have been found. Accord- 
ingly glacial lake clays are closely confined to the eastern bor- 
der of the state. Whether or not the series of lakes repre- 
sented by lake Undine in the Minnesota river valley was ac- 
companied by similar valuable deposits is not clear from pres- 
ent development. Such as are well known seem to owe their 
accumulation more to the river than to the existence of the 
lakes. 

But in eastern Minnesota and northwestern Wisconsin oc- 
cur extensive and valuable deposits that are certainly glacial 
lake clays. In Minnesota a large development has been war- 
ranted in one of these lake beds at Wrenshall in Carlton county 
within thirty miles of the head of lake Superior. Several 
plants are firmly established and the total output is approxi- 
mately twenty millions per year. All are common brick chiefly 
of the sand mould. tyf)e, but the quality is excellent. 

This deposit has an areal extent of two or three miles at 
least and recently another part of it at Clear creek has been 
opened. These beds are strongly stratified in blue and gray 
alternating layers from the bottom to within a few feet of the 
top where a red color prevail's. Total thickness is more than 
forty feet. Brick made from this top stratum burn deep red, 
those from the bluish gray zone below burn cream colored. 
So extensive an occurrence of gray material which is usually 
associated with the western drift is somewhat surprising in a 
locality so far east. But the fact is plain and the presence of 
a capping of red clay may throw some light on conclusions as 
to sources of supply of material at that time. Of course a 
red zone at the top might be caused by weathering* as in the 
case of some of our residuary products in other areas, but the 
fact that the line of division between the two colors is rather 
sharply marked and the fact that the red stratum and its 



* MkUi. Oaot. mad Nat. HiMtory Survey, Final Rep., vol. iv. p. 21, Minnc- 
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-burned product exhibits a much coarser grain and poorer qual- 
it> than the gray clay below leads the writer to conclude that 
the source of supply was actually different and that the main 
characters of the red zone are original and not to any consid- 
erable extent induced. If this conclusion is at all correct it is 
reasonable to conclude further that the chief source of supply 
for this deposit was the glacial debris brought from the north- 
west, that it was accompanied and succeeded by an invasion of 
red material from the east and that its best development pre- 
ceded the withdrawal of the ice from this region. In short it 
was in a minor way inter-glacial as related to the oscillations of 
the Wisconsin stage of the Ice Age. Whether this deposit 
formed in "Lake Xemadji" of Professor WinchelFs writings 
or in some earlier one, is of little consequence in this general 
treatment. Certainly one other deposit further south along the 
St. Croix was accumulated earlier. 

3. Glacial Stream Deposits. In this type is included the 
river silts deposited during the withdrawal of the ice. During 
this time no doubt many of the streams were large and at times 
heavily laden with fine matter gathered from glacial debris. 
In occasional quiet eddies or other still water some of this load 
would surely be dropped. The result has been some very val- 
ual)le and accessible brick clays. There are two areas prom- 
inent in this state in such clays. One is along the present 
Minnesota river from Shako[>ee to New Ulm and the other is 
along the Mississippi river from Minneapolis to Little Falls. 

In both cases the worked clays form a part of terraces bor- 
dering the present river channels. In some cases there may 
easily be a reasonable doubt as to the exact age of the deposits, 
but in the case of the chief representatives it seems certain that 
they were accumulated close upon the withdrawal of the ice 
borders. A few may be even interglacial. The source of ma- 
terial is all western drift and as a result the clays bum cream 
and gray. 

These clays occupy first rank in point of production. The 
most extensive plants are at Chaska in the Minnesota valley, 
and at Minneapolis in the Mississippi valley Both localities 
produce immense quantities of common brick of good quality 
and easy, cheap manufacture. The largest brick plant in Min- 
M Icxrated at Chaska. 




Minnesota Clays. — Berkcy, 177 

C. Recent Alluvial Deposits, The recent river muds are* 
so closely related to the last class that in many cases it is not 
practicable to separate them. They occupy the same areas and 
are due to similar immediate conditions except the overwash 
source of material. 

D. Loess or Wind Deposits. To this class belong more of 
the clays usually worked on a small scale than to any other 
single one. Many are no doubt not true loess accumulations, 
but I have intended to include here all those in which wind 
transportation has been one of the chief factors in origin. 
Many of the "loams" reported from numerous localities really 
belong in this class. Some are described usually as "loess 
loams" and many might be called "residuary loess." Those in 
certain areas sometimes grade into one or another of the above 
mentioned types especially the "glacial lake" and "residuary 
clavs." 

The loess clays with this interpretation are therefore widely 
distributed although they are nowhere of very great thicknes*; 
or of very special value. 

To this class the Red River valley clays which are of con- 
siderable local value in the vicinity of Moorhead and East 
Grand Forks seem to belong. In that district the workable 
stratum is onlv from six to twentv-four inches thick and lies 
immediately below the black soil and upon the sediments of 
glacial lake Agassiz. Southeastern Minnesota, especially the 
driftless area, also exhibits much loess-covered territorv. 
Many small producers in widely scattered localities are work- 
ing this kind of clay. 

Summary. This article is intended to group the facts 
known as to the origin of Minnesota clays and point out typ- 
ical representatives of each geologic class. Although several 
of these different classes of material overlap in occasional 
localities, in the main the distinctions are readily made out and 
the classification easy of application. 

Tlie large clay working establishments of the state are us- 
ing either clay shales or stream deposits or glacial lake clays. 
The smaller and scattered brick plants of chiefly local import- 
ance are using //// and modified drift or residuary loess and 
"loam" clavs. 
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EDITORIAL COMMENT. 



Commemorative Tablet of the American Associa- 
tion FOR the Advancement of Science. 

At the last Xew York meeting of the American Associ- 
ation for the Advancement of Science, the Geological Section 
(f.) requested the council to take formal cognizance of the 
pre-natal history oi the Association by authorizing the erec- 
tion of a commemorative tablet on the house occupied by the 
late Dr. Ebenezcr Emmons* ^t Albany, where the first steps 
were taken toward the organization of the Association of 
American Geologists, from which the present body evolved 
by organic enlargement. 

In the memorial ])resented to the council the facts which 
led to this organization are given as follows : 

During the pro>ccution of the Geological Survey of the state of 
Xew York the need of the geologists for consultation and inter- 
change of view with others engaged in official geologic work led to 
the suggestion of an organization of a body of American geologists. 
It appears ihat lieutenant \V. W. Mather, one of the New York 
geologists, first suggested the subject of such a meeting to the Board 
of Geologists in November 1838. ♦ ♦ * 

Tliis suggestion was taken up for consideration at a meeting held 
November 20, 1838 at the house of Dr. Ebenezer Emmons, corner of 
High street and Hudson avenue, Albany. The action taken by the 
geologists was one of unanimous approval of the proposition and 
Lardncr Vanuxem of the Third District was commissioned to open 
conmumication with other geologists, specially with president Hitch- 
cock, with reference to carrying this project into effect. 

The undertaking was not immediately successful and at a meet- 
ing held in the autumn of 1839 the purpose of the geological board 
was reiterated. This meeting was also held at Dr. Emmons* house, 
the four geologists and the paleontologist being present and also 
Ebene/er Emmons Jr.. who still survives. As a result of the second 
imdertaking on the part of the New York geologists a meeting was 
called at Philadelphia for April 1840. where and when the organization 
of the Association of American Geologists was carried into effect. The 
following year the Association again met in Philadelphia at which 
time the mcmlier-ihip of the body was largely increased, and in 1842 
the place of meeting wa^^ Boston and then, as already rehearsed, the 



♦A portrait tind sketch of libenczcr liintnons may be found in the GBOLOOitT 
vol vii. i*. 1 . 

•{ A i>ortrait and skctcli of \V W. Mntlicr may he found in vol. xiz, p. 1 of tlw 
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name and the scope o£ the Association were, . 
naturalists, both enlarged. 
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In this house, the home of 

DR.EBENEZER EMMONS 

THE FIRST FORMAL EFFORTS WERE MADE, IN 

1838 AND I839,T0WARD THE ORGANIZATION OF TH 

ASSOCIATION OF AMERICAN GEOLOGISTS 

THE PARENT BODY OF THE 

AMERICAN ASSOCIATION FOR THE 

,. ADVANCEMENT OF SCIENCE 

B( Wr, jS.^ AUTHORITY THIS TABLET IS ERECTEI 

1901 



At the Denver meeting {1901 ) of the Association the com- 
miltee which had been appointed to consider the proposition 
reported favorably and their recommendations were unani- 
mously adopted by the council. The commemorative tablet 
of which a photograph is here reproduced, has now been put in 
place on the Emmons house. ■ The committee in charge of this 
matter was John M. Clarke, C. H. Hitchcock, J. McK. 
Cattell, W, J. McGee and Theodore Gill. The cost of the 
tablet has been borne .by Dr. T. Guilford Smith of Buffalo, 
New York. 



REVIEW OF RECENT GEOLOGICAL 
LrtERATURE. 



Petrr,gra[-lusck,'s Praklikum, von Dr.' REiNHor.n Reixish. Erster Teil, 

Gesteinbildende Mineralien, mit 82 Textfiguren, Berlin, GebrOder 

Borntraeger, igot. Prciss 4 marks und 20 Pfennigs. 

This is an elemenlary companion for students in petrography. The 

rock-forming minerals are distributed into groups according lo iheir 

crystal systems, and their essential characters described and sometimes 

illHstiated. It also includes a statement of their chemical constitution 

and its chief variations. The microscope is supposed to be already 

familiar 10 the student, as well as the attachments by which the prop- 
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erties of light arc applied to the investigation of thin sections. Crystal- 
lography and the symbols denoting the sides and angles of crystals arc 
equally assumed as known by the operator. Naumann's system is 
used, but with alternative expressions of Miller's symbols — thus follow- 
ing the practice of the French. This continental condescension to 
the English system perhaps presages the ultimate entire adoption and 
use of the simple and meaningful symbols of Miller. 

For American use this little work will serve as a handy comperid of 
the essential petrographic characters of the rock-forming minerals. It 
will be useful for reference after the difficulties of mineralogy and 
microscopical manipulation shall have been mastered, and when as a 
teacher or as an investigator the need arises to refer to some authori- 
ty for the established differences existing between minerals. But at 
present there is no need for any English-speaking student to resort to 
works iq foreign languages in order to have a guide in petrographic in- 
vestigation. N. H. w. 

Additional 'notes on titr Cambrian of Cape Breton, with descriptions 
of Xczu Species. By G. F. Matthew. (Bulletin of Natural His- 
tory Society of New Brunswick, Canada. No. XX. vol. IV, pt. V.) 
The above article is given to a description of the Xeotreinata of 
the Etcheminian or Basal Cambrian and to the fauna of the Truncado 
beds of the island of Cape Breton in Nova Scotia. The Ncotreniata 
are roprcsjiUed in the collections from the Etcheminian beds made 
in Cape Breton by three genera, Acropthyra, Acrotreta and Acrothcle. 
The first genus is established for a number of forms prevalent in 
the Etcheminian rocks, which there largely replace Acrotreta. tho it 
is to be noted that the latter so far as is known, is of equal antiquity. 
Both are found in the effusive rocks which lie at the foundation of 
the Cambrian sediment, both in New Brunswick and Cape Breton. 
Acrothcle, on the contrary, has not been found in the lower Etch- 
eminian fauna, but appears plentifully in the upper. 

In a tabic bound in with the article. Dr. Matthew shows in synop- 
tical form the parallelism of the several parts of the Cambrian sys- 
tem in the eastern provinces of Canada to the succession which is 
found to exist in Europe, and especially in Wales. Almost all the 
important faunas of the Eiiropean Cambrian rocks have now been 
found in Canada, as this table shows; and the parallelism is remark- 
ably close, csnccially in the Middle and Upper Cambrian. This fa- 
vors the view that a continuous ocean existed m Cambrian time, be- 
tween the two continents of Europe and America. 

The variations which a luiniber of neolreniatous brachiopods un- 
derwent in early Cambrian time is of interest; Dr. Matthew records 
several new .species and mutations, which are represented in five 
plates of figures. 

The Trcniadoe fauna of the Upper Cambrian is represented in- 
several characteristic genera. Asaphelhis 2 sp. ; Triarthrus. i sj). ; 
Parabolinella. 1 >n. : Angelina, i sp. ; Bellerophon, 3 sp. ; also Lin- 



Review of Recent Geological Literature. i8i 

guclla, Acrotreta and Mcxliolapsis. This is the third fauna of the 
Upper Cambrian reported from that island; the others being Peltura, 
collected by the late Dr. Homyman, and Dictyoruna. collected by Mr. 
H. Fletcher. The Tremadoc species are shown on a plate at the end 
of the article. 

Two tables in the text show the development of Acrotreta in the 
Cambrian and Ordovician, and the distribution of Acroth'^le 

The Geology of Cincinnati, by John M. Nickles. (From the Journal 

of the Cincinnati Society of Natural History, Vol. XX, No. 2, pp. 

49-100, I map.) 

Careful studies of limited areas are always valuable, and doubly so 
when they treat of typical localities. The paper under consideration 
deals with the Cincinnati period as exposed at Cincinnati, the type 
locality, and so much of the underlying Trenton as is exposed there. 
A brief sketch of the topography showing modifications produced by 
glacial action, and pre-glacial watercourses, is followed by a careful 
and accurate historical resume of the literature pertaining to the 
geology of the region under discussion and the matter of nomen- 
clature. The term Cincinnati or Cincinnatian is shown to have sur- 
vived by a process of natural selection. The divisions, or groups as 
they are called in the paper, of the Cincinnati period, are recognized 
as tlie Ulica, Lorraine and Richmond, each easily separable by faunal 
and more or less marked lithological characteristics into stages or 
henicrc-e. Those of the Utica are designated as Lower, Middle and 
L'ppcr, with faunal desig^nations also. For the subdivisions of the 
Lorraine, both faunal and geographical desig^nations are proposed. 
The latter in descending order are Warren, Mt. Auburn, Corryville, 
Bellcvuc. Fairmount and Mt. Hope beds. The Richmond, not exposed 
in the immediate vicinity of Cincinnati, is divided into Lower. M5ddle 
and Upper subdivisions. Lender each subdivision is given its litho- 
logical and other features and a list of the species of fossils found 
therein. The large number of species listed in the paper, nearly 900, 
shows how industrious the collectors of Cincinnati and the surround- 
ing region have been in their search for the paleontological treasures 
entombed in their hills. The region is noted for the fine preservation 
of its fossils. The paper cannot but prove helpful in the study of 
the Cincinnati period in other sections of this country. 

The map is based on the recent topographical map of the U. S., 
Cincinnati sheet, issued by the L^. S. Geological Survey, leaving out 
the twenty-foot contour lines, but retaining the 100- foot lines, and 
indicates the location of all outcrops of importance. A sketch map 
of the pre-glacial drainage, printed in the text, is copied from Gerard 
Fowke's without acknowledging the source, an omission which the 
reviewer knows to be the fault of the printer, not of the author. 

It appears that this article is filling an existing need. Professor 
Prosscr has sent for a lot of copies to be used by his classes in the 
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Ohio Slaie Universily. and Mr. Charles Schuchert uses il in. arrang- 
ing the Harris collection of Cincinnati fossils in the Uniled Slates 
National Museum at Washington, and has placed a copy as a guide 
tor visitors who wish to examine that collection. j. l. 



Studies in Evolution : mainly reprints of occasional papers selected 
from the publications of the laboratory of invertebrate paleoniology. 
Peabody museum, Yale University, by Charles Emerson Beechek 
New York Charles Scribner's Sons ; London, Edwafd Arnold, 

igoi. $5.00. 

This work is one of the Yale bicentennial publications, dedicated to 
the graduates of the Universily. It contains 440 pages and 34 plates 
and conclude; with an excellent index. It is a repubUcalion of the 
principal papers of Dr. Beecher selected from various sources bearing 
on the development of some of the invertebraie animals, and 
on certain features of organic evolution. The author's earliest 
paper on the development of fossil brachiopods was prepared 
jointly with J. M. Clarke, of .Mbany. and it may be consideren 
as one of the first steps amongst .-Xmcrican paleontologists toward the 
systematic study of the progressive changes of fossil invertebrates. Wal- 
colt, Ford and Matthew had done similar work with some species of 
trilobites and Hyatt had described and illustrated some of the pro- 
gressive characters of cephalopods. Morse alone (or almost alone) of , 
American paleontologists had studied some of Ihc early stages of 
brachit.porl-; (Tir^'braiulinat a,- early as 187,1. but those studies were 
partial and more or less fraRnieniary, owing to the lack of a large sup- 
ply of specimens, whose stratigraphic and geographic origin was known. 
At Albany such material was found, in the collections and laboratories 
of Prof, James Hail. This paper is placed No- 4 in the scries devotefl 
to the develcipnien; 01 the Bmchi<j|ioda, It i- iireffdcd by paliers that 
treat of more general principles, such .is the genesis of the brachiopodal 
parts, the stages cif growth and decline, the morphology of the brachta, 
correlations of oiUogeny and phylogeny, and by a revision of the fami 
lies of loop-bearing Brachiopoda. It is followed by the paper on the 
development of Bilobites, that on the development of Terebratalia obso- 
leta Dall, and by that on the development of the brachial supports in 
Dielasnia am! ZyKOspira. ^ .... 

The opening paper of the volume is that on the origin and signifi- 
cance of spines, a discussion which by its completeness and symmetry ■ 
will long stand amongst the .\merican classics of evolution, 

"Just as all the features of terrestrial topography arc included be- 
tween the limits of plains and miittntains, and the mountains are con- 
sidered as the limit of progressive accidentation, so the spines of ani- 
mals or the monticules aud pinaeles of their surface may be colisidef^ij 
as the limits of pri^gressive differentiation. The primi.ive liase-lew 
or peneplain, becomes elevated, .ind by erosion is cut up mlo tablelat^ 
mesas, .-md Imitcs, wiih imer^ecling valleys. The -u-alleys 




Review of Recent Geological Literature, 



183 



gradually depressed, and the country becomes rougher until max- 
imum are reached. Then follows a reduction of the inequalities cf 
the surface, and finally in old age, the smooth, gently rounded outlines 
of geographic infancy appear again. So in organisms, the smooth, 
rounded embryo or larval form progressively acquires more and more 
pronounced and highly differentiated characters through youth and 
maturity. In old age it blossoms out with a galaxy of spines, and 
with further decadence produces extravagant vagaries of spines, but 
in extreme senility comes the second childhood, with its simple growth 
and its last feeble infantile exhibit of vital power. 

"The history of a group of animals is the same. The first species 
are small and unomamented. They increase in size, complexity and 
diversity until the culmination, when most of the spinose forms be- 
gin to appear. During the decline extravagant types are apt to de- 
velop, and if the end is not then reached the group is continued in the 
small and unspecialized species which did not partake of the general 
tendency to spinous growth." 

Scarcely less important are the author's various papers on the 
structure and development of trilobites, though less unique. He here 
states the principles of a natural classification of trilobites, discusses 
their systematic position, entering more minutely into the morphology 
of Triarthrus and the structure and appendages of Trinucleus. 

The body of the volume closes with papers on the development of 
a poriferous coral, a symmetrical cell development in the Favositidae 
and on the shell of Tornoceras Hyatt. 

This gathering together of the papers of Dr. Beecher in a symmet- 
rical body constitutes a notable contribution to evolution, and every 
geologist will rejoice that they are brought into this convenient and 
compact form accompanied, as they are, by such emendations as 
bring them up to date. n. h. w. 
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Agr., 1900, pp. 169-180.) 

BARBOUR, E. H. 

The state geological survey fXebriUska]: report of propresa for 
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BERKEY, C. P. 
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Feb., 19«I.> 

BISHOP, IRVING P. 

Oil and gam In soutbirestem New York (53 Ann. Rep. N. T. State 
MuB.. pp. 10-134. Albany, N. T., 1901.) 

' BRANNER, J. C. 

Occurrence of fossil remains or mammals In the Interior of the 
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BROAOHEAD, G. C. 

HlBtory ol Geological Sur\-eys In Missouri. (Encyclopedia Hla- 
tor>- of Missouri, pp. ;7-31. St. Louis, 1901.) 
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HAYES, C. W. 

The Arkansas bauxite deposits. (21 Am. Rep., U. S. Geol. Sur., 
part 3, pp. 441-472, pis. 60-64, 1901.) 

HERSHEY, O. H. 
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JOHNSON, D. W. 
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KEMP, J. F. 
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LOOM IS, F. B. 
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CORRESPONDENCE. 



Reorganization of the Geologic Branch of the United States 

Geological Survey. 

In the U. S. Geological Survey the Geologic Branch is reorganized 
by the appointment of Mr. C. Willard Hayes to the position of 
Geologist in charge of Geology to take effect March ist, 1902. Mr. 
Hayes has been connected with the survey since 1887 and has served 
with ability in various relations as assistant geologist, geologist, and 
since 1900 as geologist in charge of investigation of non-metalliferous 
economic deposits. He is now placed in administrative control of the 
GcN. logic Branch in order that the Director may be relieved of exec- 
utive details and the organization may bo strengthened by the un- 
divided attention of its head to carrying out the Director's general policy. 
By this appointment Mr. Willis, who since 1897 as assistant in Geology 
to the Director has performed the administrative work of geology, is 
freed from that duty and will be at liberty to give more attention to the 
division of areal and stratigraphic geology, of which he has charge. 

In announcing these changes at a meeting of geologists in the office 
of the survey on February 20th, the Director called attention to the 
plan of organization of the Geologic Branch set forth in the twenty- 
first annual report, pages 20 and 21, and more fully elaborated in the 
forthcoming twenty-second annual report. The fundamental idea of 
the organization is that scientific direction and supervision may be and 
in most cases should be separated from administrative control. Spe- 
cialists are placed in charge, each one of investigations in a particular 
subject, Becker. Chambcrlin,. Day, Emmons. Hayes, Stanton. Van Hise, 
and Willis having been thus appointed, but their authority is in general 
limited to consideration and approval of the scientific aspects of the 
work. A(lniiiiTstrati\o authority remained immediately with the Di- 
rector, and is now in a degree transferred to the Geologist in charge 
of Geology, Mr. Hayes. Bailey Willis 

On BF.LiNikrs Kiltorkexsis Baily. Amongst the papers bearing 
<»n Canadian geolog\' published during the year 1901 may be mentioned 
one brief note by prf>fessor Grenville A. J. Cole, M. R. I. A.. F. G. S. 
in the February issue of the Geological Magazine, Decade W, No. 440. 
p. 52, [.ondon. iQoi- In tlii> jiaper i)rofessor Cole criticises the views 
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of a writer, "R. W, E." in The Ottawa Naturalist for January 
1900, who ascribes the Kiltorcan beds of Ireland to a much lower 
horizon than is generally accepted. After discussing the biologic rela- 
tions and characters of Belinurus kiltorkensis Baily, and comparing 
thfs species with North American as well as European examples of the 
same genus, the writer concludes thus: **I feel, then, that Belinurus 
may be ^afely regarded as occurring in the Upper Old Red sandstone 
of Ii eland, which some authors have proposed to include in the Lower 
Carboniferous series. There seems no reason to depart from the 
determination made by Mr. Baily and Dr. Woodward thirty years 
ago, a determination that has become widely known through the works 
of Zittel and other palaeontologists.** H. m. a. 

Analysis of the Mount Vernon Loess. Loess occurs to a con- 
siderable depth on the hills in the vicinity of Mount Vernon, Iowa. On 
the somewhat elevated ridge on which Cornell College is located, the 
formation extends to a depth of forty feet, diminishing from the sum- 
mit. In general it overlies the Kansan and Paha drifts, and is usually 
absent over the lowan. A brick yard is located in the Mount Vernon 
loess from which a good quality of brick is obtained. The specimen 
chosen for analysis was taken from the brick yard, eight feet below 
the surface of the earth. The analysis was made by Frank Hann in 
the chemical lalH)ratory of Cornell College under the direction of Dr. 
X. Knighi. The following results were obtained : 

SiO^ 70.86% 

CO./ 4.70 

Fe./0., 2.97 

Al^O.j 8.91 

MnO'^ ...! 028 

CaO 4.13 

MgO 3.12 

K..O 1. 18 

Na._,0 1.69 

Ti6„ 0.59 

P,0: 0.40 

FeO 0.10 

HO i.io 
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fch. 26, i^oj. Nicholas Knight. 

Deleg.xtes of the United St.\tes Goverx.ment at the Intern.\- 
TioN.xL Congress of Geol(k;ists. Mr. Arnold Hague writes me: * ♦ 
*T hold an appointment from our government. My appointment reads: 
'Arnold Hague, of the U. S. Geological Survey, has been appointed a 
delegate on the part of the United States to the International Congress 
of Gcr>logists.' It is signed by John Hay. Secretary of State, and bears 
the red seal of the State Department. Upon my arrival in Paris I 
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presented it personally to professor Goudry," — (Gaudry) — **and on the 
termination of the Congress he returned it to me and it is now in my 
possession." * * * 

The undersigned was therefore misinformed, and corrects herewith 
his unintentional error. 

This is not the place to consider the propriety of the action of the 
United States in sending three employes of one of its bureaux as its 
representatives to a purely scientific congress. It is an innovation, so 
far as the International Congress of geologists is concerned, dating 
subsequently to the Ztirich Congress of 1894, where Prof. Renevier 
and his committee of organization first awakened the official world to 
the possibilities inherent in the idea of "delegate." The realization of 
these possibilities diminishes the influence of the independent unattached 
worker through the effulgence of the red seal and autograph of the 
premier of a great country, yet the humble toiler's regret at his 
shrunken proportions will be mitigated by the: 

* ♦ * "consoling thought to feel 
He paid the taxes which impelled the steel." 
(with apologies to Byron). 
March 3, 1902. Persifor Frazer. 

The Derivation of the Rock Name "Anorthosite." In the Jan- 
uary, 1902, number of the American Geologist, in a review of my 
Rand hill paper, the reviewer, F. B., makes the following statement; — 
"In spite of the place which the term anorthosyte has won in petro- 
graphic literature it seems questionable whether the term should be 
allowed, by its retention, to perpetuate an early inaccuracy in the de- 
termination of the feldspar species." Similar statements have been 
frequent in recent literature and all seem to the writer to be based on 
a misconception of the derivation of the word- 

The Canadian geologists origfinated and have since consistently used 
the name. They distinctly state its derivation from Delesse's term 
"anorthose" which he proposed to include the group of triclinic feld- 
spars, and as a convenient generic name to distinguish them from (he 
monoclinic orthoclase "orthose." *They clearly recognized that the 
feldspar in the rock varied from andesine to anorthite, labradorite be- 
ing the more common form. Anorthose as used by Delesse means 
precisely the same thing as the current term plagioclase. Anorthosyte 
was not proposed for an anorthite rock in especial nor is the name 
indicative of such derivation. Anorthityte would be the form were it 
so. 

Time has clearly shown that the name was unfortunately chosen, 
as evinced principally by the amount of misconception which has arisen 
concerning it. Moreover Delesse's term has never passed into usage 
and has since been appropriated to another usage, anorthose now mean- 
ing anorthoclase. Yet curiously the misconception to which the term 



•Geology of Canada. 1 «r>a. y\^ 22. 33.3.'>. r.«8-90. 
F. D. Adams. Scuesjuhrb., fieH.-hand viii. p. 423. 
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gives rise seems to be in regarding it as an anorthite, not as an an- 
orthoclase rock. The name was properly given, the mineralogy of the 
rock was perfectly understood, the name properly indicated the miner- 
alogy, and was transferred to the group of igneous rocks of which the 
Canadian occurrences are the types when their igneous origin was 
recognized. It has come into large use as applied to a perfectly defi- 
nite rock group, and in my judgment both the requirements of priority 
and the dictates of common sense necessitate its continued use, rather 
than the injection of a substitute name into a literature which is already 
suffering indigestion from a surfeit of new names. 

The only objection urged against the name which has come under 
my notice and which seems to me to be valid has been urged by Kold- 
erup * He argues that the name is equally appHcable to an albite or 
oligoclase rock and that these are too acid to be grouped with rocks 
which are properly regarded as an end series of the gabbro family. 
This same objection would apply equally to plagioclasyte, recently 
proposed by A. N. Winchell to replace anorthosyte. But such rocks 
are of the rarest, so that the objection seems more theoretical than 
real. Kolderup proposes no substitute, but argues for the use of lab- 
radorfels, anorthitfels, etc., and does away with the group name. 
There can be no possible objection to this minuter subdivision where 
it is possible, but for the purpose of mapping, in the Adirondacks at 
least, it is not possible, and the more comprehensive name, or a more 
comprehensive name, is an absolute necessity. 

The Adirondack geologists have consistently followed the Canadian 
lead in the use of the term anorthosite, believing that no sufficient 
grounds exist for a substitute name, and are glad to take the lead in 
a prptest against an attempt to shelve it. h. p. gushing. 

Above statement was submitted to Profs. Kemp and Smyth for their 
approval or disapproval, and their comments follow. 

I fully agree with the statements of Professor Cushing as given 
above. They are correct in fact and sound in principle, j. f. kemp. 

Professor Cushing's views in regard to the term anorthosite seem 
to me right, beyond question. c. a. smyth, jr. 

New York Academy of Scienges. Jan. 20. Professor R. P. Whit- 
field read two papers. The first was upon the Ammonite Heteroceras 
simplicostatum, in which he amended and elaborated the description of 
that si)ecies which he had given in the Newton and Jenny report on 
the Black hills, published in 1880, the new observations being based 
upon material gathered by Dr. E. O. Hovey on an expedition of the 
American Museum last summer. This material shows conclusively 
that the three genera Hamites, Ancyloceras and Heteroceras have no 
independent existence, because single individuals show the distinguish- 
ing characters of all three genera combined. This fact has been sus- 
pected by the author when at work upon the Newton material twenty- 
five years ogo, and it has been hinted at in writings of Hyatt anA 

*Bcrgcas Aduscums Aarbog, 1896, Die labradorfelse, etc., p. 23. 
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others, but these were the first specimens described which settled the 
question. 

Professor Whitfield's second paper described a new Teredo-like 
shell from the Laramie group of eastern Wyoming, collected by Mr. 
Barnum Brown of the American MJuseum. This Teredo, to which the 
author has gfiven the name Xylophomya laramiensis, is more than an 
inch in diameter, thus * ranking with the largest species of the family 
known. 

These two papers may be found in full in the current volume of 
the Bulletin of the American Museum of Natural History. 

Professor James Douglas gave a description, illustrated by topo- 
graphic map and numerous lantern sHdes, of the famous Rio Tinto 
group of the copper mines of the Huelva district in Spain. These 
mines have been worked from time immemorial, the earliest knowledge 
of them dating from the Phoenicians, who occupied the country in 
the eleventh century B. C. The Romans also obtained a large amount 
of copper from these deposits, and it is an interesting fact that the 
slags which they left are purer, that is, freer from copper, than those 
which are made there today. The ore is a copper-bearing pyrite, 
carrying some silica. The copper-bearing portions run irregularly 
through the iron pyrites, and the Rio Tinto Company has removed 
millions of tons of forty-two per cent iron ore in getting at its copper 
ore. The iron ore is not profitable at the present time, although it 
may become so in the distant future. There are some remains of the 
workings of the ancients here. At Tharsis in particular the old 
shafts are very peculiarly constructed, one at least being spiral to en- 
able the miners to carrj- the ore on their backs. Shelves are excavated 
at intervals in the walls of the shaft to enable the men to rest their 
loads on their weary journey to the surface. 

The inines are worked now as open air diggings in circular ter- 
races. They produce about two million tons of ore per year, and it is 
estimated that there are one-hundred and sixty million tons in sight. 
Some silver-bearing galena is associated with the copper ore. The old- 
fashioned method of roasting the ore in heaps was kept up until 1893, 
but the ore is now leached by means of w^tcr. This is a long process, 
requiring four years for its thorough completion, but the copper fs 
leached out so that less than one-fourth of one per cent is left in the 
tailings. The great bulk of the world's supply of sulphuric acid is 
obtained from the Rio Tinto pyrite, which is shipped all over the world 
for the purpose of manufacturing the acid. Five hundred thousand 
tons per year are utilized in this way. 

The paper was discussed by l>r. Julien and Mr. Howe, and the 
section passed a hearty vote of thanks to Professor Douglas for his 
kindness in giving the i)apcr. 

February 17. Dr. O. P. Hay read a paper on the Snoutfislies ot 
Kansas. In tliis paper the author presented a brief history of our 
knowledge of the genus Prntosphyrrena. and a statement showing what 
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portions of the skeleton were still unknown. Those parts which are 
best known are the skull, especially the elongated snout, and the jaws, 
the shoulder and the caudal and pectoral fins. These parts hate sel- 
dom been found associated, and there have been established three ser- 
ies of species, one on the teeth, one on the snout, and the third on the 
fins. It is certain that as new collections are made and studied some 
of these sub-species will be reduced to synonymy. The author pointed 
out various errors on the part of writers in the interpretation of dif- 
ferent elements of the skeleton and illustrated his point* by means 
of specimens. 

Dr. A. A. Julien gave an impromptu discussion of the relation of 
honestones to the cutting edge of tools, in the course of which he said 
that the quality of a hone depended on the size and shape of its com- 
ponent particles, and upon the cement joining the whole together, ex- 
except in the case of the novaculites from Arkansas, in which the hon- 
ing quality is due to the sharp edges of minute cavities left by the sol- 
ution of calcite ; and in the case of the turkey-stone, in which the 
honing quality is due to veinlets of quartz intersecting a rock which 
has been formed by silica replacing a granular limestone. A micro- 
scopic study showed that the edge of a tool is not regularly serrated, 
part of it being smooth and part undulatory. Viewed on edge the 
sharpest tools are practically straight, while the others are more or 
less irregularly wavy. Viewed in the cross-section, a fine edge is seen 
to be a perfect wedge, while duller tools show a minute shoulder. 

E. O. HovEV, Secretary. 



PERSONAL AND SCIENTIFIC NEWS. 

Dr. ("iEORCE p. Merrill discussed ''Rutile Mining in Vir- 
ginia'', at the meeting Feb. 12 of the Geological Society of 
Washington. 

Prof. R. S. Tarr of Cornell Uuiversity is in Italy. He 
will also visit Germany and the British islands for the purpose 
of studying their drift features. 

Dr. M. E. Wadsworth, head of the Department of Mines 
and Mining in the Pennsylvania State College, has been elected 
Geologist for the Pennsylvania State Board of Agriculture. 

Dr. H. P. KiJMMEL, who has been acting state geologist 
of New Jersey since the resignation of Dr. J. C. Smock last 
summer, has been appointed state geologist by the board of 
managers. Mr. Kiinmel has been connected with the New 
Jersey survey since 1892. 

Prof. G. C. Broadiiead has an excellent review and 
epitome of the history of geological surveys in Missouri, and 
of early mining operations in the "Encyclopedia Historv of 
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Missouri." St. Louis, 1901, followed by a statement of the 
present mining and mineral wealth of that state. 

Field Columbian' Mi'Seum. The following geological lec- 
tures arc in the free lecture course for March and April : Tex- 
as Petroleum, Dr. W. B. Phillips ; The Northern Rocky Moun- 
tains, Dr. Stuart Weller; Geological Field work in the Iron 
and Copper districts of the Lake Superior region. Prof. U. S. 
Gra'H. 

Geological Society of Washington. At the meeting ot 
January 22, Mr. J. E. Duerden read a paper on the ** Develop- 
ment of Septa in Paleozoic Corals;*' Mr. C. K. Leith one on 
the "Mesabi Iron Range of Minnesota," and Mr. Whitman 
Cross discussed briefly the paper of Mr. Willis on stratigraphic 
•classification. 

Dr. a. W. (j. Wilson, late of Harvard University and the 
Geological Survey of Canada, is at present studying in Europe. 

At a meeting of the Boston Society of Natural History, 
held I'eb. 19th. professor W. (). Crosby presented at greater 
length than has yet been done, arguments to prove the super- 
glacial origin of eskers. 

The Completion of the Geological Map of Europe. — 
The following information has just been given by Dietrich 
Reimer concerning the completion of the geological map of 
Europe. — 

The issue of the 24 sheets which are recjuired to complete 
the map of Euroi>e is dependent upon the furnishing of geolog- 
ical materials by the interested governments. So soon as this 
material from Russia, and topographical data of the north 
coast of Africa are forthcoming the remaining sheets will ap- 
pear rapidly one after another. p. f. 

In the Fehruarv Ximber of this Jolrnal we stated 
that the director of the C S. Geological Survey had appointed 
a committee to reconsider the rules published by that organiza- 
tion in its Tenth Annual Report. This committee spent several 
days considering the voluminous correspondence submitted to it 
by the geologists of the Survey and others. Good progress has 
been made and a sub-committee is now at work drawling up 
the wording of the new rules according to the minutes of the 
general committee. Later we hope to present the important 
work of the committee in more detail. 

Mr. L. M. Prindle is now assistant in Petrography at Har- 
vard University, in place of Dr. E. C. E. Lord. 

In the survey for the more accurate location of the Canadian 
boundary, l>egun last .season, the Dominion government had 
one geological party in the field, the I'nited States three. For 
the former. Dr. R. A. Daly, late of Harvard University, carried 
the field work to a point a few miles east of the end of the 
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Fraser river delta, the short distance bein^ due to the difficul- 
ties of the route. Of necessity, most of the studies concerned 
problems in the delta. It is expected that next season's ex- 
plorations will be more rapid. 

The department of geology and geography at Harvard 
University has moved into new quarters, in a new wing of the 
museum projected by Louis Agassiz ; this part being built 
through the generosity of the Agassiz family. General geology 
occupies the second floor, physiography and meteorology the 
fourth, and experimental and general research courses the 
fifth. A lecture room fills the first floor, and exhibition rooms, 
part of the general system of the museum, the third. 

A Drill Hole 4,800 Feet Deep. A borehole which was 
begun in January, 1899, with a Sullivan diamond drill, near 
Johannesburg, South Africa, was recently completed success- 
fully. 

The drill hole on the Turf Club grounds which is nearly 
two miles from the outcrop of the main reef struck the main 
reef at 4,800 feet or within 25 feet of the depth at which it 
was expected the formation would be struck. A curious feature 
in connection with the sinking of this bore-hole was the fact 
that the rods were left in the hole for 20 months while hos- 
tilities were going on. The detaUs of the work when it was 
renewed are best g^ven in the following quotations from the 
repoft of the engineers, which is as follows : ** Having com- 
pleted all our preparations, we started to withdraw the rods 
on Sunday morning, May 26, at 9:10 a. m. The full pressure 
of steam at our disposal was applied, and as the rods took the 
strain, it was a moment of great anxiety to the onlo#kers, and 
we held our breath in suspense, as it was seen the rods had 
not moved an inch. The next moment, however, to our great 
relief and delight, they gradually and evenly slipped outwards 
and so continued to lift, without a hitch throughout the day, 
so that at knocking-off time we had pulled 1,850 feet. Work 
was resumed at daylight on the following Monday morning, 
and we are happy to inform you that by 10 a. m. on that day 
all the rods were safely out of the hole. 

The nature of the ground passed through was fairly fa- 
vorable and the regular Rand formation. 

Brazilian carbons which to-day are worth about £9 per 
carat or about four times the value of ordinary diamonds were 
used in the drilling. 

The weight of the rods which carried out this operation 
was about 16 tons. To prevent such an enormous weight press- 
ing too heavily on the carbons while drilling, the rods were 
suspended on a hydraulic cylinder, which allowed the rods to 
descend as desired ; in fact, the enormous pressure of the rods 
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could have been run at a weight just sufficient to tickle one's 
hand if necessary." — Mines and Minerals, 

Wealth of the United States. Mines and Minerals. 
The standing of the United States with her neighbors, and es- 
pecially with those of Europe, is illustrated by the following 
statistics taken irom the London Daily Mail Year Book for 
1902. As regards wealth this authority places the United 
States at the head of the list of great nations, and while the 
United States heads this list of countries in its wealth, it shows 
the smallest national indebtedness, the figures for these two 
items being as follows: 



Indebtedness. 



Wealth. 



Percentage of 

Indebtednes* 

to Wealth. 



United States | $i,076,270,cxx) 

Germany | 3,170,370,000 

United Kingdom | 3,438,220,000 

Russia I 3462,570,000 

France | 6,033,930,000 



$79,629,500,000 I 
39.213,240,000 I 
57,495,220,000 I 
31,289,750.000 I 
47,190,300,000 1 



1.4 
8.1 

6 

II. I 

12.8 



Under the head "Commercial Competition," the Year Book 
says that **the first year of the twentieth century opened badly 
for two of the four leading industrial nations." The trade of 
the United States was good and showed no decline from the 
booming period of 1899 and 1900, but rather, in most indus- 
tries a continuance of the boom of which the United States 
has had so disproportionately large a share, and France, which 
has responded less expansively to the boom, remained unaf- 
fected by the decline and progress elsewhere. In England and 
Germany, however, the decline was felt acutely. 

Under the head of "Fight for the iron trade," it calls atten- 
tion to the fact that the United States is now the world's largest 
producer of pig iron and steel, and says, "It will be noted that 
the United Kingdom has lost ground, producing 396,749 tons 
less in 1900 than in 1899, the total for Great Britain being 
nearly 5,000,000 tons less than in America. An unsatisfactory 
feature in the British iron and steel trade is that m 1900 we 
imported more iron and steel than in any previous year, and 
exported less, while the United States exported more than 
ever." The tollowing table shows the pig iron and steel pro- 
duction for 1900 to be — 



United States . . , 
United Kingdom 

Germany 

France 

Russia 



Pi>? Iron. 
Tons. 


Stccl. 
Tons. 


13,789.242^ 1 


10,087.322 


8,908.570 


4.901.054 


8494.852 


4»799 0oo 


2,699,494 


1,624,046 


2.821,000 


1.494.000 
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A REVISION OF THE BRYOZOAN GENERA DE- 

KAYIA DEKAYELLA AND HETEROTRYPA 

OF THE CINCINNATI GROUP. 

By Bdoak R. Cumings. 
PLATES IX, X, XI AND XII. 

The genera Dckayia E. & H., Dekayella Ulrich and He- 
terotrypa Nicholson, together with the genera Pctigopora Ul- 
rich, Leptotrypa, Ulrich Atactopora Ulrich and Orbipora 
Eichwald constitute the family Heterotrypidae* of the Tre- 
postomatous Bryozoa. 

The present paper deals with the first three of these genera 
and endeavors to prove that they together constitute but one 
genus to which the prior term Dekayia should be applied. 

Dekayia Edwards and Haime. — This genus was founded 
in 1851 by Milne-Edwards and Haimef for the reception of a 
single ispecies. — D. asp era E. & H. 

The following is their description of the genus : 

"Polypier a caliccs polygonaux, a murailles fortes, et munies en 
certain points de petites colonnes pointues, semblables a celles qu'on 
observe dans d'autres families, chez les Stylococnia et les Protaraca, 
Pas de traces de cloisons. 

Ce genre, qui ne renferme qu'une seule espece, se distingue de toutes 
les autres Favositides, par la presence des petites colonnes qui herissent 
les autres Favositides, par la presence des petites colonnes qui herissent 
sa surface. Sous tous les autres rapports il est extremement voisin 
des chaetetes." 

The type species Dekayia aspera E. & H. is thus described : t 

"Polypier en masse subramifiee et un peu irreguliere. Calices petits, 

polyganoux, a murailles simples, peu inegaux, presentant a leur angles 

et, a des distances variables des cones tres-sallaints. compactes, aigues 

• N1CKI-K8 AND BA8SLBR, Am. Fo»s. BrjTOMOA Bull. Xo. 173, U.S.G.S., 
1900, pp. 31, 32. 

t Pal. Fo8« des Terr. Pol., p. 277, pi. xvi, figs. 2, 2a. 
t Ibid., p. 278. 
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et stries, qui donnent un aspect spinuleux a la surface. Largeur des 
calices, un quart de millimetre. Planchers horizontaux. 
SiLURiEN (inferieur). £tats-Unis: Cincinnati, (Ohio.) 

Dekayia \vas adopted in 1879 by H. A. Nicholson, as a 
sub-genus of the genus Monticulipora D'Orb. The following 
is Nicholson's diagnosis: 

**CoralIites of two kinds, the larger tubes with thin walls, polygonal 
in shape, and provided with well developed tabulae. The smaller tubes 
isolated by the larger corallites, apparently destitute of tabulae, their 
walls greatly thickened, and appearing on the surface as so many 
detached spiniform processes placed at the angles of junction of the 
iarger tubes. Type of the group, Dekayia aspcra, E. & H."* 

On page 298 (Ibid.) he further states that 

"The corallum in Dekayia is truly dimorphic, that the surface- 
columns are the homologues of the spines which are so abundantly de 
veloped in M. (Hctcrotrypa) tumida, Phill, M. (Heterotrypa) mon- 
iliformis, Nich., and other forms of Monticulipora. * * * Taking 
this view of the subject, the species of Dekayia are principally sep- 
arable from the spiniferous species of Monticulipora {Heterotrypa) by 
the fact that in the former the spines are much reduced in number 
and increased in size, while they are always isolated by the large 
tubes, these latter being of one kind only." 

In 1882 Mr. Ulricht included the genus in his family Mon- 
ticuliporidae (used here in a wider sense than subsequently), 
with the following definition: 

''Dekayia, Edwards and Haime. — Ramose, with branches cylindri- 
cal or compressed. Interstitial cells wanting. Spiniform tubuli few 
but very large. They constitute a conspicuous external feature of 
the zoarium." 

In 1883 an extended description of the genus was 
given and several new species were added to the two (or one) 
then known. The description of the genus is as follows :t 

*'Zoarium growing upward from a more or less largely expanded 
basal attachment, into rarely cylindrical, usually flattened branches, 
which occasionally may become subfrondescent. Surface sometimes 
with low monticules, usually, however, nearly even. Cells with poly- 
gonal apertures, sometimes apparently consisting of one kind only, 
but more conmionly a few interstitial cells may be detected, which 
are more especially developed between the individuals constituting the 
groups of larger cells, that always furnish a more or less conspicuous 
feature of the surface. Cell-walls always thin, sometimes excessively 
so, there being but one species (D. trcntonensis n. sp.) [placed by 
Nickles and Bassler in DckaycUa] in which the tube walls as the 

• Paleozoic Tabulate Corals. 1879, pp. 291, 292. 
+ Tour. Cin. Soc. Nat. Hist., rol. r, p. 155. 
tjour. Cin, Soc. Nat. Hist., vol. vi, p. 148. 
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tubes pass from the axial into the peripheral region, are more than only 
very slightly thickened. Spiniform tubuli in the typical species few, 
but very large, and not infrequently already present in the axial region 
of the zoarium. In other species (D. appressa n. sp. and D. paupera 
n: sp.) they are reduced in size but their number remains about the 
same. In one (D. multispinosa n. sp.) they are also comparatively small, 
but more numerous. When in good state of preservation, at certain 
stages in the growth of the zoarium, the cell-apertures over larger or 
smaller patches of the surface are covered by a thin calcareous pellicle. 
On such covered spots the spiniform tubuli are very conspicuous. Dia- 
phragms straight, usually few, sometimes almost entirely absent, oc- 
casionally (in the peripheral region) from one-half to one tube-di- 
ameter distant from each other." 

In ZitteFs Paleontolc^ (Eastman's translation) we have 
Dckayia "distinguished from Dekayella by the absence of the 
smaller set of acanthopores, and lesser number of mesopores 
and diaphragms" (p. 273). 

Under this genus as thus defined are now placed five species 
from the Cincinnati group, and one, doubtfully, from the 
Hamilton group.* 

Hctcrotrypa. — This name was proposed in 1879 t>y Nichol- 
son t for a subgenus of the genus Monticulipora D'Orb., with 
the following definition : 

^'HctcrotrypOf Nich. — Corallites of two or sometimes of three 
kinds; the larger ones subpolygonal partially separated by the de- 
velopment of numerous smaller circular or irregularly shaped tubes 
[mesopores], of which there is no more than a single row. Walls 
thicken.ed towards the mouths of the tubes. Tabulae [diaphragms] 
conspicuously more numerous in the smaller tubes than in the larger 
ones. Type of the group the Monticulipora mammulata D'Orb. [1= 
Heterotrypa frondosa of Ulrich and others] (which is also the type 
of the whole genus.") 

Under the subgenus as thus defined, Nicholson places 

(Ibid., p. 293) besides Monticulipora mammulata, M. ramvsa 
Edwards and Haime. M. rugosa E. & H., M. frondosa D'Or- 
bigny, (=Peronopora dicipiens Rominger sp.) M. Jamesi 
Nich., M. moniliformis Nich., M. tumida Phillips, M, gracilis 
James, "and various other more or less certainly established 
species." In his monograph on the genus Monticulipora 
(1881) M. frondosa is removed to the subgenus Peronopora^t 
and the complete list of species placed under the subgenus 

• Bull. U. S. G. S. No. 173. 1900, pp. 228, 229. 
f Paleozoic Tabalate Corals, p. 291. 
t Op. Cit.. p. 215. 
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Heterotrypa is: Monticulipora inammulata D'Orb., M. tufnida 
Phill. M, ulrichi Nich., M. gracilis James, M. andrcwsii Nich., 
M, ramosa D'Orb., M, rugosa E. & H., M. dalei E. & H., M. 
moniliformis Nich., M subpulchella Nich., M. onealli James, 
M. nodulosa Nich., M, jamesi Nich.', M. implicata Ulrich, M. 
girvanensis Nich., M. irentonensis Nich., and M. dawsoni Nich., 

In 1883 Mr. E. O. Ulrich, in his American Paleozoic Bryo- 
zoa,* again revised the group, limiting Heterotrypa (by him 
ranked as a genus) to two of the above species, H. frondosa 
(=Monticulipora (Heterotrypa) mammulata Nich.) and H. 
subpulchella, and himself adding several new species. The re- 
mainder he distributes among the genera Callopora Hall, Am- 
plexopora Ulrich, Homotrypa Ulr., Batostoma Ulr., Batostom- 
ella Ulr., and Monotrypella Ulr. 

Mr. Ulrich's definition of the genus as thus restricted is: 
"Zoarium growing from an expanded base, attached to foreign 
objects, upward into simple, often undulated or irregularly inoscu- 
lated fronds, and occasionally into flattened branches. Cell-apertures 
varying in shape from polygonal to circular. They are separated from 
each other by walls or interspaces, which may be comparatively thin 
(//. solitaria), or nearly as thick as their own diameter ( H. vaupcli). 
Interstitial cells from few to very numerous, always angular or sub- 
angular. Spiniform tubuli [acanthopores] small, usually numerous 
(sometimes excessively so, as in H. vaupeli) occasionally inflecting the 
walls, and giving the cell apertures an irregn^lar petaloid appearance. 
Internally we find that the walls of the tubes are more or less thick- 
ened as they enter the 'mature' region and apparently amalgamated with 
one another. The diaphragms are straight, of one kind only, more 
numerous in the interstitial tubes than in the proper zooecia. and 
always more crowded m the 'mature* regions than in the 'immature* 
or axial region." t 

The genus as thus defined includes, according to Nickles 
and Basslert nine species from the Cincinnati group of the 
Ohio valley and Illinois, and two species from the Hamilton, 
doubtfully placed in this genus. 

Dekayella Ulrich. — This genus was founded in 1882 by Mr. 

Ulrich. The following is his original diagnosis : § 

"Dekayella, Ulrich. — Ramose, branches often compressed. Inter- 
stitial cells more or less numerous, often aggregated into irregular 

• Jour. Cin. Soc. Nat. History, vol. vi, p. 83. A brief diag^nosis is jfivcn on 
p. 155, I hid, vol. v.. 1882. 
t Ibid., vol. vi, p. 85. 

t Bull. I'. S. G. S.. No. 173, 1900, pp. 288290. 
5 Jour. Cin. Soc. Nnt. Hist., vol. v, p. l.'')5. 
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'maculae/ Spiniform tubuli of two kinds; large ones arranged as in 
Dekayia, and a much greater number of small ones. Diaphragms in 
both sets of tubes straight." The type of this genus is D. obscura. 
On page 90 (Ibid., vol. VI.) the following observations on 
Dekayella are given: 

"Dckayella is probably more nearly allied to Dekayia than to any 
other genus of the monticuliporidae. On the other hand the cell struc- 
ture slightly resembles that of Heterotrypa. From the former the 
new genus is separated by having the tube-walls in the 'mature' region 
of the zoarium thicker; in having numerous interstitial tubes, and in- 
stead of one, two distinct sets of spiniform tubuli. From Hetero- 
trypa, Dekayella is distinguished by its ramose growth, and two sets 
of spiniform tubuli. The most peculiar character of the genus is 
found in the two sets of spiniform tubuli, differing from each other, 
both in Iheir time of development, and in size. The larger set are 
precisely like those of Dekayia, and, as is likewise th'e case in that 
genus, they make their appearance in the axial or 'immature' region of 
the zoarium. This fact seems to point to a considerable difference in 
the functions of the two sets. The smaller spiniform tubuli are pre- 
cisely like those of Heterotrypa, Amplexopora, and other genera of 
the Monticuliporidae, in which these structures exist, and in none of 
these do they appear before the zoarium has become fully matured." 

In Eastman's translation of Zittel's Grundzuge der Paleon- 
tologie, 1899, the following brief diagnosis of Dekayella is 
given (p. 273) : 

"Ramose, branches sometimes compressed. Mesopores more or 
less numerously distributed among the zooecia. Acanthopores of two 
sizes, the smaller ones the more abundant, and present only in the 
peripheral region." 

Nickles and Bassler include in thi<s genus five species and, 
five varieties from the Trenton and Cincinnati groups.* 

The above quoted descriptions give the sum of the generic 
characters said to be possessed by twenty-six species and va- 
rieties, the majority of which are from the middle beds of the 
Cincinnati group of the Ohio valley. Under his description of 
Dekayella Mr. Ulrich, as we have seen, summed up the dif- 
ferential characters of his three genera. Dekayella is said to 
have comparatively thick walls in the mature region and 
to have numerous mesopores and two sets of acantho- 
pores, the larger set being sometimes present in the axial 
region. Dekayia has thin walls, few or no mesopores, and on- 
ly the large set of acanthopores. Heterotrypa has a frondes- 
cent type of growth and only the small set of acanthopores. 

• Bvll. V. S. G. S., No. 173, 1900, pp. 226-228. 
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In order to make the points of similarity and dissimilarity 
still more emphatic the characters given in the above descrip- 
tions may conveniently be arranged in three parallel columns : 



Heterotrypa 



Zoariumi growing 
from an expanded 
attached base up- 
ward into a simple 
often undulated or 
irregularly inosculat- 
ed frond or occa- 
sionally into flat 
branches. 

Cells polygonal to 
circular. 

Cell walls thin to 
thick. 

Mesopores few to 
numerous, always 
angular. 

Acanthopores small, 
usually numerous. 
Present only in the 
Peripheral region. 



Diaphragms 
straight and of one 
kind, more numerous 
in the mesopores and 
always more crowded 
in the mature than 
in the immature re- 
gion. 

Walls apparently 
amalgamated with 
one another. 



Dekayella 



Zoarium growing 
upward from an at- 
tached base into cyl- 
indrical often com- 
pressed branches. 



Cells rounded or 
ring-like. 

Cell walls some- 
what thickened to- 
ward the surface. 

Mesopores numer- 
ous. 

; Acanthopores o f 
, two sizes, large and 

small. 
Large ones present 

in the axial region. 

Diaphragms 
straight and of one 
kind more numerous 
in the mesopores and 
always more crowd- 
ed in the mature 
than in the immature 
region. 



Dekayia. 



Zoarium growing 
upward from an ex- 
panded basal attach- 
ment into rarely cyl- 
indrical usually flat- 
tened branches. Oc- 
casionally subfrond- 
esccnt. 

Cells Polygonal. 

Cell walls thin. 
(Thick in one spe- 
cies.) 

Mesopores few to 
none. 

Acanthopores us- 
ually few and of 
large size. Some- 
times fairly numer- 
ous. Present in the 
axial region. 

Diaphragms from 
almost none to mod- 
e r a t e I y abund- 
ant. More abundant 
in the mature region. 



A t h i n pellicle 
sometimes drawn 
over the mouths of 
the zocecia. 



The characters with which we have to deal are therefore : 
i) The type of growth, whether (a) ramose or (b) fron- 
descent; 2) the thickness of the walls; 3) the character of the 
acanthopores whether (a) large or (b) small or (c) both 
large and small ; 4) the presence or absence of a pellicle clos- 



Revision of Bryosoan Genera.— Cumings, 203 

ing the mouths of the zooecia oyer patches of the surface of 
the zoarium; 5) the number of the me^opores. 

The writer has recently come into possession of material 
that throws new^ light upon each of these five characters. 

The genus Dekayella Ulr. is said not to contain any truly 
frondescent species. The Cincinnati group affords, however, 
such a species. At the base of the Platystrophia zone (Lor- 
raine) near Manchester station (C. C. C. & St. L. R. R., Chi- 
cago & Cincinnati Division,) Dearborn Co., Indiana, occurs 
the variety of Dekayella ulrichi (Nich.) next described.* 

Dekayia ulrichi-lobata n. var. 

PL. IX, PIO. 2; PL. X, PIG. 5; PL. XI. PIG8. 3, 4. 

Zoarium consisting of irregularly lobed and gfreatly compressed 
branches or of wavy true fronds arising from a cylindrical base which 
is doubtless attached by an expansion as in other frondescent species. 
An average frond has a thickness of 4 mm. to 5 mm. and a breadth 
of 20 mm. or more. Surface nearly smooth, often completely so; but 
showing in some specimens subsolid sometimes slightly elevated 
maculae of cells somewhat smaller than the average. Zocecia round, 
about 45 to the centimeter and, from 0.16 mm to 0.2 mm. in diameter. 
Mesopores numerous, angular, filling all the interstices between the 
zooecia. The surface of some specimens seems to be covered in 
places with a thin pellicle, as in other species of Dekayia. 

Longitudinal sections show that the diaphragms are approximately 
horizontal, fairly crowded in the mature region an<i considerably more 
numerous in th^ mesopores, which are constricted at the level of each 
diaphragm. The walls present the peculiar beaded appearance char- 
acteristic of D. Ulrichi. 

Tangential sections near the surface show that the zooecia are ring- 
like in the mature region, with fairly thick walls. The acanthopores 
are fairly abundant, and of two sizes, the smaller somewhat more 
numerous. * The ratio of the diameters of the largest and smallest 
acartthopores seen, is about as four to one. 

For comparison I have inserted (PI. IX, fig. i) a tangential 
section of an ordinary ramose specimen of D. ulrichi^: from 
the Utica beds at Cincinnati (Dalmanella multisecta zone.) It 
will be seen that the internal characters of the two are identi- 
cal. 

Since this variety of D. ulrichi is truly frondescent* it 
eliminates from consideration the first of the differentia en- 

* This t'orm is asaociated with Platystrophia laticosta^ Flectortbis plica- 
tella, Caltopora dalei, &c. 

t This speciinen is from the collection of Bryozoa in the Yale Museum, 
labeled by Ulrich. 
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umerated above, since Dekayia aspera and its associates and 
Hetcrotrypa are usually frondescent or subfrondescent. 

In a zone slightly lower than the one that afforded the 
specimens of Dekayia ulrichi-lobata (in the same locality) 
and associated with the highest specimens of Dalmanella muU 
tisecta^ seen, occurs a form that combines to a remarkable de- 
gree the characters of Dekayia, Heterotrypa, and Dekayella. 
The description of this form follows. 

Dekayia subf rondosa n. sp. 

PL. IX, F108. 7, 8; PL. X, PIG. 3; PL. XI, FIO. 1. 

Zoarium growing upward from an expanded cylindrical basal at- 
tachment into flat fronds of a thickness of lo mm. to 15 mm. and a 
breadth of as much as 60 mm. A specimen nearly complete, except 
the cylindrical base has a height of no mm. The frond has a ten- 
dency to give off compressed branches along the free edges. Entire 
surface covered with small rather abruptly elevated monticules with 
an average diameter of 1.5 mm. From 12 to 13 occupy one square centf- 
nieter. At the apices of the monticules the cells are smaller than the 
average. Cells mostly of one kind, 0.25 mm. in diameter, 40 cells to 
the cm. 

The internal structure of this species as seen in tangential sections 
is highly instructive. In tangential sections cutting the mature region 
the cells are seen to be rather thin walled, the walls of adjacent zo- 
<rcia being apparently amalgamated. That this is not the case is 
well shown in fig. 8, PI. X, where the section cuts a portion of the 
zoarium that has been fractured and infilled with calcite along the 
fracture. ' The zocecia are spread apart, the wall formerly apparently 
common to two zooecia being now half on one side, half on the other 
side of the calcite seam. Where an acanthopore is present the zocecial 
wall separates from it cleanly. Indeed the acanthopore is sometimes 
left completely isolated in the calcite, showing that these structures 
belong to neither zocecial wall. The attention of those who deny the 
duplex character of the interzooecial wall should be called to this 
phenomenon. 

Only a moderate number of small tubes are seen throughout the 
main part of ordinary tangential sectinos. Fig. 8, PI. IX, shows a 
cluster of small tubes in a portion of a section in which the walls 
are also thicker than is usual. Tangential sections of the branchlets, 
however, present almost identically the same appearance as sections 
of D. ulriclii robusta (pi. IX, fig. 4). 

• other common mcmbirrs of this fauna arc: Dekayia ulHcbi-rohusta, D. 
perfrondosa (Heterotrypa frondosa Ulr.) Callnpora dalei. C. sijfillaroides, 
Constellaria constellata, Eschnropora pavonia. Homotrypa curvata^ H. Cur- 
ra fa (ramose varirty). Strophomena planoconvexa, Platvstrophia dentata, 
Plectorthis plicattUa, Zone 2r> ft. thick. 
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Acanthopores are numerous and conspicuously of two sizes, as is 
best shown in fig. 7, PL X, (x 43). They are not confined to the 
angles of the zocecia, but frequently indent their walls. 

Longitudinal sections (fig. 3, PL X) show that the mature region 
is very deep, the thickness of the zocecial walls varying but little from 
where the tubes bend outward, to the surface. The large acanthopores 
are conspicuous features of such sections, (a, fig. 3, PI. X.) The 
walls present the beaded appearance characteristic of the genus. This 
I believe is in some cases due to the fact that the section cuts in and 
out of the side of an acanthopore. The large acanthopores traverse the 
entire mature region and are sometimes present even in the axial re- 
gion. Diaphragms are abundantly developed, horizontal or, rarely, 
curved, or infundibular, from one-third to two tube-diameters apart 
in the zooecia, and closer set in the mesopores. The walls of the 
latter are constricted where the diaphragms join them. 

In the crowded diaphragms, beaded walls, constricted meso- 
]X)res, and two sizes of acanthopores, this species is a typical 
DckaycUa, ver>' similar to D. nlrichi-robitsta (pi. X., fig-. 2, 
pi. IX, fig. 4) . In the thinness of the vv^alls and fewness of the 
mesopores it is a typical Dekayia (cf. fig^. 7 and 10, pi. IX; 
figs. 7 and 10, pi. X), and may be compared with such a form 
as D. Multispinosa Ulr.* In the shape of the zoarium, fre- 
quency and expression of the monticules and tabulation of the 
zooecia Dekayia subfrondosa is very similar to D. perfrondosa 
(v. fig. I, pi. XI; fig. I, pi. X).t 

The tangential sections of the type species Dekayia aspera 
E. & H. inserted for comparison (fig. 10, pi. IX; fig 10, pi. X) 
have the acanthof)ores just as certainly of two sizes as in any 
DekaycUa. This is well shown in fig. 10, pi. X, (X43) in 
which the ratio of size of the largest and smallest acantho- 
pores seen is about as five to one. Tlie ratio in a similar sec- 
tion of Dekayella nlrichi-robusta is as seven to two (see pi. 
X, fig. 9). • 

In this case, therefore, the size of the acanthopores, thick- 
ness of the walls, tabulation of the zooecia and type of growth 
all fail to serve us in attempting to refer the form to one of the 
three genera Dekayia, Dekayella and Heterotrypa (as restrict- 
ed by Ulrich). 

The size of the acanthopores is perhaps of most interest, 
as it is on this character mainly that Mr. Ulrich's genera are 

• Jour. Cin. Soc Nat. Hist., vol. vi. 1883. pi. 6. fiflr 8. 

t Cf. aNo ff afGnts. £eo1. Ill , viii, pi. 36, fi^. 2a, and Lcptotrypa stidhami, 
Ibid., pi. 36, fi|f. 4 a. 
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founded. It may be well therefore to discuss the subject at 
this point, since the evidence presented by the form just de- 
scribed is so unequivocal. 

In his observations on Dekayella, quoted above, Mr. Ul- 
rich says that the large and small sets of acanthopores must 
differ considerably in function. I cannot believe that this is 
the case. As is shown in this paper the two sets are present 
in practically all members of the genus Dekayia (includes 
Hetcrotrypa and Dekayella) ; and moreover there is every 
gradation even in Dekayella ulrichi between conspicuous differ- 
ence in the size and relative abundance of the two sets of acan- 
thopores in some specimens, and very little difference in oth- 
ers. The maximum difference, so far as I have noticed, oc- 
curs in Dekayia asperay where the smallest acanthopores are so 
minute (fig. lo, pi. X) that they must usually escape notice^ 
except in sections very carefully prepared and ground as thin 
as is compatible with retaining structural details. In some 
unequivocal specimens of Heterotrypa inHecta from Vevay, 
Indiana, the appearance of the acanthopores, which are very 
abundant, is just the same as in Dekayella ulrichi or D. ulrichi- 
robnsta, i. e., a few very large ones and numerous very small 
ones. In fact had it not been for the thin flat frond, inflected 
apertures of the zooecia, and the occurrence of the specimen 
in the Platystrophia zone, I should at the time most certainly 
have referred it to one of these species ; and I am not sure even 
now but that it would be better to consider Heterotrypa inHecta 
as a variety of Dekayella ulrichi (very close to D. ulrichi-lo- 
bata and D. ulrichi-expansa.) 

I believe that the difference in size of the acanthopores as 
seen in tangential sections is due solely to the fact that some 
are cut nearer their point of origin than others. The large 
ones having originated earlier in the life of the colony, have 
attained to large size because they have attained to maturity. 
The small ones originate in the peripheral region and though 
they may enlarge rapidly, the section is quite likely to cut them 
near their point of origin where their diameter is necessarily 
small. If the Heterotrypidac arc derived from an ancestor 
in which acanthopores were lacking, these structures must first 
have made their appearance in small numbers in the peripheral 
region and then have appeared earlier and earlier in succeed- 
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ing generations till they came to be present even in the axial 
region. Their function, if they had any, must have been con- 
nected with the surface of the zoarium. Their presence in the 
axial region is interesting only as it suggests ancestral char- 
acters. As more acanthopores are added, they are added in 
the mature region. Hence the two sets co-exist in this part of 
the colony. 

This peculiarity of the acanthopores is by no means con- 
fined to the Heterotrypidae, but may be seen in Batostoma, 
Amplexopora, Hemiphragma &c. 

We come now to a consideration of the type species of 
the genus Hetcrotrypa Nicholson, namely Monticnlipora (He- 
terotrypa) inammalata Nich. {=Heterotrypa frondosa Ul- 
rich.)* 

Dekayia perfrondosa nom. nov. (PI. IX, figs. 9, 11-13, 15, 
16; PI. X, figs. I, 6; PI. XI, fig. 6; PL XII, fig. 2) 
as I shall call this form, for reasons presently to be 
discussed, is the • common Cincinnati species first ad- 
equately described by Nicholson under the name Monti- 
cnlipora mammnlata, and • identified by him with the 
form figured and described by Edwards and Haimet 
as the Monticnlipora mammnlata D'Orbigny. I fully agree 
with Mr. Ulrich that this is not the Chaetetes mammu- 
latns of Edwards and Haime. It is also in my opin- 
ion not the Chaetetes frondosns of Edwards and Haime. 
There are, however, in my possession four specimens of a 
form that agrees so closely with both the figUVes and descrip- 
tion of Chaetetes frondosns E. & H. that I am forced to re- 
gard them as identical species. This form is Homotrypa fron- 
dosa (E. & H.) described herewith. 

* Chaetetes mam mulatua (non D'orbifrny) Nicholson Quar. Jour. Geol. 
Soc. Load., 1874, toI, xxx, p. 508, pi. xxx, figs. 2, 2h;— Pal. OAio., ii, 1876, p. 
207. 

Monticulipora (Heteotrjrpa) mammnlata (non U'Orblimy) Nicholson, 
Pal. Tab. Corals. 1879, p. 294, pi. xiii, fiffs. 1-lb: Genas Monticulipora, 1881, 
p. 104, pi. vi. fiRS. l-ljsr.— Jambs AND jAMB8,7oar. Cin. Soc. Nat. Hist., xi, 1«88, 
p. 16.— J. F. JAMRS. Ibid, vol. xviii. p. 69. 

Chaetetes frondoHus Qtienstedt. Roetaren nnd Stemcoiallen, 1881 , p. 74, 
pi. cxlvi fijf. 8. 

Chastetes frondosus limatus Qubnstrdt, Ibid, p. 74, pi. cxWi. fig. 9. 

Heterotrypa frondosa Ulhich, Jour. Cin. Soc. Nat. Hist., vol. vi, 1883, 
p. 83. 

Monticulipora frondosa Whitb, Eleventh Ann. Rep. Geol. & Nat. Hist. In- 
tiiana, 1882. p. 380. pi. xlviii. figs. 2. 3. 

Not Cbictetes frondosus D'Orbigny 1850. and Bdwards and Haimb 1851. 

t Pol. Foss. Terr. Pal., 1851, p. 267, pi. xix, fig. 1. 
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Homotrypa frondosa* (Edwards & Haime) ' 

PL. X. Fioa. 11, la; PL. XI, Fms. a, .1: PL, Xll. Pio. 1. 

Zoarium frondesccnt, wavy, 4 to 6 mm, thick and 30 to 50 mm. or 
more in width. The surface is studded with large rounded stellate mon- 
ticules which are sometimes slightly elongated in the axial direction 
ot the frond. Monticules usually well elevated, never conical, some- 
what spreading at the base. On an average, nine occupy a space of 
one square centimeter. They arc 2 mm, to 2.5 mm.t in diameter, and 
occupied by cells larger than the average. Ordinary cells very uniform 
in size, 0.2 mm. in diameter; the diameter of the large cells- in the 
monticules is frequently as much as one-third mm. Fifty cells of the 
ordinary size may be counted in one cm. An occasional- mesopore may 
be detected at the angles of ihc zO(Ecia. 

The iiUernal siriictiire of this species is that of a typical Homotrypa 
{cf, }!. curvala). In tangential sections, taken near the surface, the 
cells are thick-wallcd, with distinct true walls, and copious deposit 
of schlerenchyma. The large ceils of the monticules are a conspicuous 
feature of such sections. Only an occasional acanthopore can be de- 

Longitndinal sections show that the zocecial walls fn the axial re- 
gion are thin, slightly wavy, and that diaphragms arc here lacking. 
!n the mature region the walls Ijeeomc greatly thickened, the true 
walls being seen as a dbubic dark median line. A series of overlap- 
ping cystiphragms is present in practically every tube, and horizontal 
diaphragms in moderate number cross from the backs of the cysti- 
phragms to the opposite wall. The cystiphragms are usually on the 
concave but arc occasionally on the convex side of the wall. In fig. 
12, PI. X, a very large zocccium is shown al a and a spKtling of the 
inlerzocecial wall at b, which tnay \ery well produce on the surface 
the effect of lines radiating irom the apices of the monticules, causing 
them to appear stellatc.t 

Tlie correspondence between this si)ecies and Edwards and 
Hainic's figures and description of their Chaclclcs frondosiis is 
remarkably close. Tlie spacing and diameter of tlie monticules 
and their expression is the same. The diaiueter of the cells 
holh small and large is the same. The monticules in both are 
distinctly stellate owing lo the peculiarity mentioned above. 
PiOlh have the .same sort of thin wavv frond. 
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As compared with any specimen of Dekayia perfrondosa 
that has come to my notice, Homotrypa frondosa is much 
closer to Edwards and Haime*s species. The former has from 
12 to 16 monticules to the square centimeter. The monticules 
are from i — 2 mm. in diameter and are either inconspicuous, 
in which case they may be rounded ; or sharply elevated and of 
small diameter. They almost always bear cells smaller than 
the average. Wherever I have seen a stellate monticule in 
D. perfrondosa, the appearance has always been due to strings 
of small cells on the flanks of the monticule. 

Homotrypa frondosa comes from the very top of the Lor- 
raine* or base of the so-called Richmond formation; and of 
course the same objection can be brought against it that was 
urged by Mr. Ulrich against considering H. dawsoni (a nearly 
related form) as possibly Edwards and Haime's species, name- 
ly that it probably does not occur at Cincinnati. This objec- 
tion is scarcely valid, since Edwards and Haimie state that 
Chaetetes frondosus occurs at both Cincinnati and Oxford, 
Ohio; a statement that could very well be true of the present 
form. As to the identity of the species figured by Edwards and 
Haime, and D'Orbigny's types, I believe with Mr, Ulrich that 
the former gentlemen had D'Orbigny's specimens before them, 
for they practically say as much in accrediting the species to the 
collection of the latter. In the preface to their work they also 
acknowledge their indebtedness to D'Orbigny and others for 
assistance and the loan of specimens. I do not believe, how- 
ever, that the form figured by Edwards and Haime is the same 
as that from which D'Orbigny drew up his one line description 
"Espece a larges frondes dont les monticules sont coniques et 
tres espaces." It could never be said of Edward and Haime's 
figured specimen that the monticules are conical and widely 
spaced. Besides, these gentlemen distinctly state the contrary, t 

Nevertheless, since it is probably impossible even if we were 
to ransack the collection of D'Orbigny to «say which one of 
three or four genera he had before him when he wrote the 

* Some of its more common associates are CaHopora rugoaat Amplcxopora 
pa»ta!oaB, CeramoporellH granulosa, Bythopora delicatula, HyoJithea venail- 
leaeaaia, Dinortbia retroraa. This is the Homotrypa bassleri fauna of Nickles. 

f "Polpier en larges frondes, epaisses de quelques millimetres; raamelons 
arrondis. pen saillants, pubradies, large d'tin millimetre et demi, ct distant 
d'miefois et demi. rarement denx fois lenr lar^enr. presentant a lenr sommet 
1«4 plus grand calices: cenx-ci ont nn tiers de millimetre, et les plus petite nn 
cinqitieme." Pol. Poss. des Terr. Pal., p. 267. 
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above description, the figures and descriptioti o£ Edwards and 
Haime must decide for us the question of the type of Chactetes 

frondosus. 

For the form now known as Heterotrypa frotidosa ( = 
Monticulipora maiiniiulafa Nicholson) I propose the nanie, 
used above, Dckayia perfrondosa.* 

The characters ascribed by Nicholson to Dekayia perfron- 
dosa are briefly as follows: 

Zoarium consisting of thin undulating expansions composed of two 
layers of corallitcs which diverge from an imaginary axis. Surface 
covered with rounded, conical, or elongated monticules which may be 
but slightly raised or may be conspicuously elevated above the sur- 
face. The monticules are composed of cells slightly larger (?) or 
certainly at limes smaller than the average. Those on the sides of 
the monticules may be full sized while those at the apices are smaller. 
The distance between the monticules is from one-half line to one line 
(I to 2 mm.). The cells are large and small, the latter always angular 
and varying in number from almost none to moderately but not ex- 
cessively numerous. The larger have a diameter of from i-ioo to 1-50 
inch. The walls of the corallite; are apparently amalgamated and 
thickened as they approach the surface. A variable, but often consid- 
eralile number of spinifortn lubuli (acanthoporcs) is always present. 
Large lubes with comparatively few and remote tabulae which are 
always complete and horizontal. Tabula more numerous in the small 

There are two particulars, especially important to the pres- 
ent discussion, in which the above description of this common 
and highly variable species should be amended, Dekayia per- 
froiidosa sometimes has very numerous mesopores. and in 
some cases large as well as small acanthopores. I have also 
detected an occasional cystiphragm in some specimens. 

Figs. 15 and 16, PI. IX, represent the ordinary appearance 
of tangential sections of D. perfrondosa. In these sections 
mesopores and acanthopores are relatively few, and none of 
the latter are of large size. The structure of the wall is charac- 
teristic of the group, (cf . also Callopora. ) Each zooecium is 

•Th( prcMipcrlniiKtlinChelDtcnaivcKDse. i^. peWtoDtfoMfiitclMiraeler' 
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encircled by a conspicuous definite dark ring separated from 
the zooecial cavity by a light band, usually narrow, of light- 
colored schlerenchyma. Between the dark rings of adjacent 
zooecia is a belt of light-colored material in which the acantho- 
pores are lodged. The mesopores may have definite dark 
rings surrounding them, or indefinite walls, in which case they 
appear merely as clear patches in the median light-colored 
zone. This peculiar wall structure variously modified by the 
thickening or thinning of the walls, or development of numer- 
ous mesopores holds throughout the genus Dekayia (as emend- 
ed) and serves as its most invariable character. 

Figure 13, PL IX, is a tangential section of a specimen ex- 
ternally similar in every respect to the one from which the sec- 
tions just described were cut. The section diflfers from the 
preceding in the more numerous mesopores and acanthopores 
and in the presence of an occasional acanthopore of large size. 
The latter feature is better shown in another portion of the 
same section (fig 12, PI. IX), and in still another portion, 
which cuts the submature region (fig. 9, PI. IX). In the latter 
the difference in size is pronounced as is still better shown in a 
further magnification of the same section (fig. 6, PI. X). In 
longitudinal sections the large acanthopores can sometimes be 
traced into the axial region. The small ones are present only 
in the mature region. 

I am not sure that I have detected a pellicle oyer the sur- 
face* of any specimen of Dekayia perfrondosa. One specimen 
seems to show it. Such a character must, at all events, be of 
small importance and may very well be due to accidental 
causes. It is seen in Dekayella Ulr., as well as in Dekayia Ulr. 

Dekayia subpulchella is very closely related to D, perfrondo- 
sa, probably a good variety of the latter. In this form the walls 
are thick (fig. 14, pi. IX; fig. 4, pi. X) and the acanthopores 
conspicuously of two sizes. Not all specimens of D. subpul- 
chella show the latter character, though my sections have re- 
vealed it in most cases. 

From the above discussion it appears that the three genera 
of Ulrich*, Dekayia, Dekayella and Heterotrypa constitute but 

*Ia Justice to this pre-eminent student of Brjozoa it staonid be 
added thtkt be has seriously considered combining^ the three, o-win^c to an "al- 
most complet'! chain'* of connectinsT forms. (Geol. \Jinn. iii. 1893. pp. 269. 
270.) 1 behcTe that with thr eridence herein presented, before him. he will no 
longer hcsitats to do so. 
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a single genus, to which the prior term Dekayia should be ap- 
plied. The following is a diagnosis of this genus as amended : 

Zoarium ramose, or variously compressed, or lobed, or f rondescent ; 
growing upward from a more or less broadly expanded l>asa1 attach- 
ment. Surface smooih or variously- ornamented with monticules, tna- 
culze or spines. The cells in the monticules and maculfe may be either 
larger or smaller than the average. 

ZoiEcia polygonal, subpolygonal or rounded. Mejopores few to 
numerous, angular. Acanthopores always present, typically of two 
sizes, the smaller present only in the mature region. 

InterzoEccial walls always thin in the axial region and sometimes 
in the mature region ; at times considerably thickened in the mature 
region, always consisting (in sections of the mature region) of three 
elements: a median zone (usually light- colored) in which are lodged 
the mesopores and acantliopores. a definite dark band on either side 
bounding the median zone and encircling the locecia. and a band (us- 
ually light- colored) of schlerenchvma immediately encircling the lO- 
cecial cavity. 

Diaphragms (ew or almost lacking, to numerous ; nearly always 
Straight and horizontal. Only in exceptional cases arc cystoid dia 
phragms present. Ordovician. 

The wall structure (sec PI. X. tigs. lo and 4) is. I believe, the 
most stable character of the genus. 

Dekayia as thus defined wilt inchide the following species 
and varieties: Hctcrolrypa jrondosa Ulr, i^D. pcrfrondosa) , 
H. affinis Ulr., H. faupera (\:\T.)K.%iB.,H.siiignhris Ulr., 
H. inflccta Ulr., (=/;. ulricln-mflccta), H. soliloria Ulr.. H. 
siibpiilchclla Nich. ( == D. pcrfroiidosa-subpulchclla) , H. proli- 
Hca Ulr. i=D. perfrondosa-proUHca). H. subraiiiosa (Ulr.) 
K. & B. : Dekayia aspera E. & H.. D. appressa Ulr., D. iiiaciila- 
ta James. D. tiiultispiiwsa V\r.. D. pelliailala Ulr.. Dckayclla 
ulriclii (Xich.) Ulr., Dekayia iihichi-expansa Ciimings, D. iil- 
richi-lobata Cuniings. Dekayelhi ulrichi-robusta Foord. D. ob- 
sciira Ulr.. (^Dekayia iilrichi-obsciira), Dckayclla praciiunlia 
Ulr., D. praeniiiilia-echinala Ulr., D. pracmintia-miiltipora Ulr., 
D, praeniintia-iiacvigera Ulr., D. praenimiia-simplex Ulr., D. 
trcutoiiensis (Ulr.) X. & D., D. pcrfrondosa-cyslata Ctmiings, 
Dekayia magna Ctmiings probably represents the basal part 
of D. aspcra (E. & II.I : hetcrotrypa barrandei, H. monilifor- 
mis and Dekayia dez'oiiiea probably do not belong in this group. 
General Observations. — The relationships suggested by a 
careful study of numerous specimens of aom fiifil the above 
forms are so striking that I am convui 
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not merely with a genus in the ordinary sense, but with a true 
genetic line. The only species found below the Cincinnati 
group are D. trentonensis anrf D. praenutttia* and its varities. 
The latter may for all practical purposes be regarded as the 
western representative of D. ulrichi of the Utica beds of the 
Cincinnati region. 

In the case of Dekayia ulrichi, I believe we are dealing with 
an incipient genus. This species has a considerable range 
and distribution and is highly variable. It varies from strictly 
ramose to strictly frondescent (var. lobata) ; frwn perfectly 
smooth to monticulose (D. robusta) ; from verj- small and del- 
icate (A obscura), to robust and submassive (Z>. robusta). 
In internal structure the zooecia may be thick-walled or 
comparatively thin-walled ; mesopores are usually numerous, 
but may be considerably reduced in number. The tabulation 
varies but little, and the wall structure is always essentially 
the same. 

I have shown that the smooth type of Dekayia ulrichi pro- 
duces in the Lorraine a truly frondescent form. The monti- 
culose type {D. ulrichi-robusta) also produces a frondescent 
form that ranges throughout the Lorraine. This is the D. 
ulrichi-expansai of the above list. 

Both Dekayia ulricki-lobala and D. ulrichi-expansa are so 
connected by intermediate forms with D. ulrichi that there can 
be no possible doubt of their direct descent from that species. 

iVith Dekayia perfrondosa the case is not so simple. The 
possible ancestors of this form are D. ulrichi-robusta, through 
D. snbfrondosa ; D. sotitaria, and a small subramose form oc- 
curring in association with D. ulrichi-robusta, D. ulrichi and 
Callopora nodulosa, in the upper Utica beds, of which I have 
but a single specimen. The latter is very probably but a va- 
riety of D. ulrichi in which the mesopores and acanthopores are 
reduced to a minimum. t D. solitaria seems to belong to the 
same type as D. subfrondosa. The latter is urjdoubtedly the 
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true connecting link between D. perfrondosa and D. ulrichi- 
robusla. 

The intermediate cliaracter of Dekayia subfrondosa has al- 
ready been pointed out. It occurs associated with D. ulricki- 
robusla and the lowest specimens of D. perfrondosa, and is 
connected with tlie latter by such lorms as shown in figs, 9, 
1 1, 12 and 13, pi. IX, while parts of tangential sections in which 
mcsopores are abundant remind one very strongly of the for- 
mer. I'ig. 1 1 is from a specimen in which the diaphragms are 
crowded and the mature region deep, very much as in D, sk&- 
froiidosa. The appearance of the interzooecial walls, mesoporea 
and acanthoporcs is quite similar to fig. 15, a typical perfron- 
dosa. Sections cutting tlic subniaturc region of D. perfrondo- 
sa present the same appearance as sections of the mature re- 
gion of D. subfrondosa (ct. figs. 8 and 9, pi. IX; figs 6 and 7 
pi. Xj, showing that the only difference between the two is 
the thickening of the walls and development of mesopores in 
the adult stage of D. perfrondosa* 

In Dekayia aspcra as shown in fig. 10, pi. IX, and fig. ID, pi. 
X, the walls in the mature region are slightly thicker than in 
U. subfrondosa itiiinncr than in D. perfrondosa), and the large 
set of acanthoporus is e.xtravagantiy developed. The small 
acanthojKires are of the nonnal size for Heterotrypa Ulr. That 
the large acanthoporcs are sometimes suppressed in D. aspera, 
at least in portions of the zoarium, seems practically certain. f 

The main difference between it and such forms as D. Sub- 
frondosa and D. perfrondosa is in the almost total absence of 
diaphragms in D. aspera (and a few closely allied forms). Yet 
in D. perfrondosa these structures may be comparatively few 
in the zonfcia.t though never entirely lacking as is occasionally 
the case in D. aspera. 

Finally Mr. L'lrich has himself long ago pointed out the 
extreme tenuity of the line between Dekayia and Heterotrypa 
Ulr., Ixrcause of such connecting fonns as D paupera% and an 
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undescribed form (probably the phase of D. subpulchella fig- 
ured on pi. IX of this paper). 

Another most interesting feature of the evolution of De- 
kayia, already hinted at, is the change from ramose to frondes- 
cent forms in passing from the Utica to the Lorraine beds. 
This tendency affects not only Dekayia but also Homotrypa* 
and to a limited extent even the persistently ramose Callopora. 

In the Utica beds, shale predominates; while in the Lor- 
raine, limestone predominates ; and the conditions in the latter 
were correspondingly more favorable to the growtn of Bryo- 
zoa (Trepostomata). We accordingly find in the Lorraine an 
immense number of species and individuals. In the succeed- 
ing shales (Dalmanella meeki zone)t only a few Tre- 
postomata are met with, and these are ramose {Callopora^ 
Bythopora, and a Dekayia quite similar to D, ulrichi) ; but in 
the succeeding calcareous beds of the Rhynchotrenia zone (up- 
per Richmond) t flat forms again abound. {Dekayia proliUca, 
D. Singtdaris, and several undescribed species of Homotrypa). 

I believe that the production of frondescent forms is mainly 
due to more luxuriant growth, and that this may affect any 
species. Any number of zooecia can be stowed on a flat zoa- 
rium without the necessity of unduly elongating the mature 
and submature regions. Again there is much less loss of space 
in the crowding together of flat than of round zoaria, as a mo- 
ment's reflection will show. Luxuriant growth would also pro- 
duce coalescence of branches and exaggerated growth at the 
points of bifurcation, with corresponding flattening. 
Yale University, January, 0)02, 

Description of Plate IX. 

Tangential Sections. 

Fig. I. Dekayia ulrichi (Nich.), Ramose form, from the Utica beds 

at Cincinnati, O. x 20. 
Fig. 2. Dekayia ulrichi-Iobata n. var. Frondescent form, from the 
lower Lorraine, Manchester Station, Ind. jf 20. 

• There is a truly ramose Homotrypa. in the upper Utica. which in every- 
thing bat the shape of the zoarinm is a genuine Homotrypa, curv&ta. . 

t The Dalmanella meekl fanna repre^ents a recurrence of the Dalmanella 
maltiaecta fauna with practically the same physical conditions. This zone is 
not exposed at Richmond. 

t Middle Richmond of Nickles. His Upper Richmond is the same as the 
Madison beds of Poerste (Indiana, Dept. Geol. and Nat. Res.. 21st Ann. Rep., 
p. 218) Only the upper part of the Rbyncbotrema Mone ia shown at Rich- 
mond. It in nnfortnnMte that Madison, Indiana, cannot give itnname to the so- 
called Richmond formation. The whole formation is superbly exposed at 
Madison. 
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Fig. 3. Dckayia ulrichi-inflccta (Ulr.). From the Lorraine at Man- 
chester Station, Ind. x 20. 

Fig. 4. Deka)ria ulrichi-rohusta (Foord). From the base of the 
Lorraine, Manchester Station, Ind. x 20. 

Fig. 5. Dekayia ulrichi-expansa n. var. From the base of the Lor- 
raine, Manchester Station, Ind. x 20. 

Fig. 6. Dekayia uh-ichi-expansa n. var. From the upper Lorraip'r 
Manchester Station, Ind. x 20. 

Figs. 7, 8. Dekayia subramosa n. sp. From the base of the Lorraine, 
Manchester Station, Ind. x 20. 

Figs. 9, 12, 13. Dekayia perfrondosa nom. nov. From the Lorraine, 
Cincinnati, O. x 20. 

Fig. 10. Dekayia aspera E. & H. From the Lorraine, Cincinnati, O. 
X 20. 

Fig. II. Dekayia perfrondosa nom. nov. From the base of the Lor- 
raine, Manchester Station, Ind. x 20. 

fig, 14. Dekayia perfrondosa-subpulchella (Nich.)- From the upper 
Lorraine, Manchester Station, Ind. x 20. 

Fig. 15. Dekayia perfrondosa nom. nov. From the Lorraine, Cincin- 
nati, O. X 20. 

Fig. 16. Dekayia perfrondosa nom. nov. From the upper Lorraine, 
Manchester Station, Ind. x 20. 



Description of Plate X. 

Fig. I. Dekayia perfrondosa nom. nov. From the base of the Lor- 
raine, Manchester Station, Ind. Longitudinal section x 20. 

Fig. 2. Dekayia ulrichi-robusta (Foord). From the base of the Lor- 
raine, Manchester Station, Ind. Same specimen as pi. IX, fig. 
4. Longitudinal section, x 20. 

Fig. .3 Dekayia subfrondosa n. sp. From the base of the Lorraine, 
Manchester Station, Ind. Same specimen as pi. IX, figs. 7, S. 
Longitudinal section, x 20. 

Fig. 4. Dekayia perfrondosa-subpulchella (Nich.). From the upper 
Lorraine. Manchester Station, Ind. Same section as fig. 14, 
pi. IX. Tangential section, x 43. 

Fig. 5. Dekayia ulrichi-lobata n. var. From the base of the Lorraine, 
Manchester Station, Ind. Longitudinal section, x 20. 

Fig. 6. Dekayia perfrondosa nom. nov. From the Lorraine. Cincin- 
nati. O. Same section as fig. 9, pi. IX. Tangential section, x 43. 

Fig. 7. Dekayia subfrondosa n. sp. From the base of the Lorraine, 
Manchester Station, Ind. Same section as figs. 7 & 8, pi. IX. 
Tangential section, x 43. 

Fig. 8. Portion of Tangential section of Dekayia subfrondosa n. sp., 
showing median fracture of the interzooecial wall and infill- 
ing of calcito. Same section as fig. 7, pi IX, .r 43. 
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Fig. 9. Dekayia ulrichi-robusta (Foord). From the base of the Lor- 
raine, Manchester Station, Ind. Same section as fig. 4, pi. IX. 
Tangential section, x 43. 

Fig. 10. Dekayia aspera E. & H. From the Lorraine, Cincinnati, O. 
Same section as fig. 10, pi. IX. Tangental section, x 43. 

Figs. II, 12. Homotrypa frondosa (E. & H.) From the top of the 
Lorraine, Harmans Station, Ind. Same specimen as fig. 2, 
pi, XI, Tangential and Longitudinal sections, x 20 

Description op Plate XI. 

Fig. I. Dekayia subfrondosa n. sp. From the base of the Lorraine, 
Manchester Station, Ind. Sections figs. 7, 8, pi. IX and 3 and 
7, pi. X, are from this specimen. Natural size. 

Fig. 2. Homotrypa frondosa (E. & H.). From the top of the Lor- 
raine, Harmans Station, Ind. Sections, figs. 11, 12 pi. X, are 
from this specimen. Natural sise 

Figs. 3 and 4. Dekayia ulrichi-lobata n. var. From the lower Lor- 
raine Manchester Station, Ind. Section, fig. 2, pi. I, was cut 
cut from no. 4- 

Fig. 5. Homotrypa frondosa (E. & H.). Surface of No. 2, .r 20. 

Fig. 6. Dekayia perfrondosa nom. nov. Surface, x 20. For comparison 
with fig. 5. 

Fig. 7. Dekayia ulrichi-expansa n. var. From the Lower Lorraine, 
Manchester Station, Ind. Natural size. 

Description of Plate XII. 

Fig. I. Stfrface of Homotrypa frondosa x 4. Same specimen as pi. 

XL, fig. 2. 
Fig. 2. Surface of Dekayia perfrondosa x 4. For comparison with 

fig. I. 
Fig. 3. Surface of Peronopora decipiens (Monticulipora frondosa of 

Nicholson ) jr 4. For comparison with fig. i. 
Fig. 4. Surface of Dekayia subfrondosa x 4. Same specimen as fig. 

I, pi. XI. For comparison with fig. 2. 
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GEOLOGICAL HISTORY OF THE CHARLES RIVER 

IN MASSACHUSETTS.* 

By Frbdbrick G. Clapp, Boston, Mass. 
PLATES XIII, XIV, XV AND XVI. 

The extremely circuitous course of the Charles river, to- 
gether with the great complexity of its drainage system and 
its apparent disregard for the geological structure of the re- 
gion, gives it a somewhat special interest. Lying in the south- 
eastern part of the state of Massachusetts, within the area 
covered by the Blackstone, Framingham. Dedham, and Boston 
sheets of the government topographical map, it has a drain- 
age area of about 290 square miles, and a total length, follow- 
ing the meanders, of sixty-nine miles; although its mouth 
is onlv twentv-five miles in a direct line from its source. 

The most impressive feature of the river, as represented 
on the map (plate 13), is its very unusual deviousness. Rising 
in the town of Hopkinton, it flows for the first few miles al- 
most directly south. But at Bellingham it bends abruptly 
to the east, and then to the north, taking a retrograde course 
as far as Medway. From this point it runs east as far as 
Rockville, and thence north and northwest to Shcrborn. Tak- 
ing here a more northerly course to South Natick, it there turns 
to the east, as if to make a short cut to the sea ; but at Dedham 
it bends sharply backward and flows directly away from the 
sea as far as Newton Lower falls, from which point it runs 
north to Waltham, and then east to Boston bay. 

The principal objects of this investigation have been: 

First. — To determine as completely as possible the life 
history of the river. 

Second. — To explain why the river follows its present 
devious course rather than a more direct one. For instance, 
why does it bend north at Bellingham, instead of continuing 
southward to Narragansett bay, the shortest course to the sea ? 
Why, when it has followed a northeasterly course for a dozen 
miles, does it bend suddenly to the northwest, instead of con- 

•This paper is an abridgment ol a thcsin study done by the writer in the 
Geological Department ot ihe Massachuscts Institute of Technology, and i»ub- 
lished in the Technology Quarterly, \ol. xiv, numbers 3 and 4,(1901). The 
thesis was prepared under the supcrvi.Mion ot PHOFB«MiK W O. Ckosby. The 
cuts for the illustrations shown here are kindly loaned by the Technology 
Quarterly. 
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tinuing across Medfield to Boston bay ? Why does it not fol- 
low a direct course across Wellesley to Riverside, a distance of 
three and a half miles, rather than its actual course of twenty 
miles by way of Dedham? Again, upon reaching Dedhani, 
why does it not flow straight to Boston bay. instead of bend- 
ing back towards Newton ? 

Third. — To trace the ancient courses of the river and de- 
termine the causes of the various stages in its development. 

Fourth. — To explain the relation of the river and its tribu- 
taries to the geological structure of the region. 

Fifth. — To determine the position of the Charles in the 
systematic classification of rivers. 

General Topography and Geology of the Region. 
As the govcrment topographical map shows, the land about 
the extreme headwaters of the Charles river attains a maxi- 
mum elevation of "600 feet, but elsewhere in this basin the high- 
est hills range from 300 to 460 feet. Professor Crosby has 
shown that the few rock hills of these bights in eastern Massa- 
chusetts are remnants of the Cretaceous peneplain. Between 
them the Tertiary peneplain is developed with an elevation of 
from 100 to 200 feet; and in this less mature plain the valleys 
of the Charles and its tributaries have been carved. 

The source of the brook which is considered the head of the 

river is at an elevation of about 500 feet. As shown by the 

profile on plate 14, the descent in the upper part of the stream 

is comparatively rapid. It crosses the 400- foot contour but one 

mile and the 300— foot but three miles, from its source. The 

200-foot contour is crossed at Bellingham, twelve miles from 

the source, and the lOO-foot below Xatick, about midway in 

the length of the river. Looking at the profile more in detail. 

several points are noticed where the fall is concentrated. At 

jMedway there is a descent of 27 feet in a distance of half a 

mile. The descent at Newton Upper falls is 25 feet in a quarter 

of a mile, and at Newton Lx)wer falls 22 feet in about the same 

distance. Between these points of rapid fall there are long 

stretches where it is very slight indeed. Two of these stretches, 

one between Rockville and Xatick, and the other between 

Charles River village and Newton Upper falls, arc especially 

noticeable. 

In general, the main valley of the Charles is broad, and 
obviously very old, but at several ]X)ints, as at Medway and 
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Sherborn, the river is closely bordered by the highlands for 
some distance. These are critical points in the history of the 
river; and of special significance are several gaps prominent 
in the watershed between the Charles and adjacent basins; as 
for instance, at Bellingham, Walpole and Cochituate. The geo- 
logical structure of the region is shown on plate 13. In this part 
of Massachusetts are three areas, or basins, of sedimentary 
rocks, the Boston ba»sin on the northeast, the Narragansett basin 
on the south, and the Norfolk basin, a long narrow, connecting 
trough. These basins are occupied mostly by Carboniferous 
strata, — conglomerates, sandstones, slates, and ia the Boston 
basin contemporaneous lavas, — which are in general less re- 
sistant than the surrounding granites, diorytes and felsytes. 
For this reason the Carboniferous areas are usually topographic 
as well as geologic basins. 

The history of the Charles river began in Tertiary time. 
During the preceding period marine erosion had developed 
the Cretiaceous* peneplain, which was covered in all its sea- 
ward portion by Cretaceous sediments. At the close of the Cre- 
taceous period an elevation of the land took place, raising the 
peneplain with its burden of sediments out of the water. 
Across the new land surface thus formed, the streams must 
have taken the shortest courses to the sea, utterly regardless 
of the structure of the underlying pre-Cretaceous rocks. At 
first they flowed upon the unconsolidated Cretaceous sediments ; 
but as these were gradually removed by erosion, the hard rocks 
beneath were attacked, and the formation of a second, the Ter- 
tiary* peneplain commenced. 

At the time of the Cretaceous elevation the streams were 
original, and consequent upon the slope of the land. As, by con- 
tinued erosion, the Cretaceous sediments were slowly removed, 
the streams became sup>erimposed upon the underlying form- 
atioriis. The basin of sedimentar}^ rocks, being least resistant, 
w^re eroded more rapidly than the bordering crystallines; 
and the streams gradually shifted their course on the softer 
rocks. Thus they became adjusted, during the Tertiary period, 
to rim in the basins as much as possible. The streams rising 

•W. O. CK08BY.— Geoloxjical History of the Nashua Valley Daringr the Ter- 
tiary and Quaternary Periods, Technology Quarterly, vol. xii, No. 4, p. 289; 
Geolofiry of the Boston Basin, Part 3, p. 538, Occasional Papers, Boston Soc, 
Nat. Hist. 
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on the crystalline areas must have so adjusted themselves as 
to take the most direct courses to the basins. 

At the close of the Tertiary period occurred the great ele- 
vation of the land, probably amounting to several thousand 
feet in this region, which is supposed to have ushered in the 
Glacial epoch. This increased the energy of the rivers, so 
that in the bottom of their valleys they cut deep gorges. The 
gorge at the mouth, of the Charles is from 100 to 200 feet 
deep — below the present sea level. During the ensuing gla- 
ciation the Pleistocene gorges and some of the Tertiary valleys 
were filled and obliterated by the extensive drift deposits. Thus 
with the disappearance of the ice, the streams rarely assumed 
their former courses, but instead found new channels across 
the drift-covered surface in utter disregard of the pre-glacial 
conditions. 

The Charles River Described, 

Rising in the village of Hay den Row, Hopkinton, the river 
flows for the first few miles almost directly southward. The 
valley south of Mil ford is broad and evidently old. But just 
west of Bellingham a sudden bend occurs, and the direction for 
the next few miles is eastward, the stream crossing the north- 
south ridge of land through a much narrower and younger 
valley. Northeast of Bellingham it turns sharply to the north 
and for several miles flows slowly through broad meadows ; 
but at Med way it is suddenly transformed into a torrent which 
dashes for half a mile through a deep and rocky ravine. 

Flowing out of this narrow gorge, the contrast is very 
great, as a broad open valley is reached, entirely devoid of rock 
outcrops, and with every appearance of being very old. At 
Rockville another change occurs, and for four miles the course 
is northeast, without a continuous well-defined valley. Near 
the mouth of the Stop river a broad valley is again encountered, 
and in it the Charles flows northwest through broad meadows, 
(fig. 2), nearly to South Sherborn. Here there i-3 another 
turn to the north, and for the next six miles the stream winds 
about l>elween hills and ledges. 

l;elow South Xatick we pass from a region of frequ;:nt 
outcrops to one where they are very scattering, and once more 
reach a short portion of the valley which is undoubtedly very 
old. At Charles River village ledges are again encountered 
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and line the river as far as Greendale, where broad marsh- 
es once more appear. At this point the river makes a nearly, 
closed detour of over two miles to the southeast, sweeping 
around by the town of Dedham, and then meanders off through 
the marshes towards Newton. (Fig. 3). It is on the eastern 
point of this lx?nd that an artificial ditch has been cut through 
the low divide, diverting a portion of the water of the Charles 
into the rocky valley of Mother brook, leading to the Xeponset, 
p.nd thus making Boston an island. At Xewton Upper falls 
the river makes a slieer fall of 13 feet and enters the pictur- 
esque Hemlock gorge, flowing for some distance between pre- 
cipitous conglomerate walls (fig. 4). Passing out of the 
gorge below a second dam, the stream again reaches a broad, 
low valley through which it flows as far as Xewton Lower falls, 
where there is another narrow gorge, with falls over ledges of 
melaphyre. Below here it once more finds itself in a broad 
valley in which no surface exposures occur. A mile west of 
the Lower falls it strikes the crvstalline border of the Boston 
l)asin, and turns to the northeast towards Riverside. At no 
point between this and Boston is there evidence that it is out 
of its preglacial course. 

Prcglacial Drainage of the Region. 

In the vicinity of Dover and Sherborn the basin of the 
Charles is crossed by a belt of high land several miles in 
l)readth through which the river winds in a narrow and more 
or less rocky channel. Both north and south of Dover the. 
l)asin varies in width from thirteen to sixteen miles, but this 
belt of highlands narrows it to about six miles (plate 15). From 
this transverse ridge, which extends from the Charles- Nepon- 
set divide to the Charles-Sudbury divide, the streams flow 
otf in either direction ; giving it the character of a watershed, 
which, if the river did not flow across it, would be a true 
divide, se])arating two distinct basins. Several miles southwest 
of this band of highlands, is another, and similar, transverse 
ridge, which, with a maximum elevation of 320 feet, extends 
south from Ilollistoii to lK\vond I'Vaiiklin, only descending to 
alx)ut 140 feet at Mcdway at the ])oint where it is crossed by 
the Charles river. 

I^heso two prominent fcatnros in the topography indicate 
a division of the ])rc<^lacia] h}drot^ra])hic basin into three sep- 
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arate basins, occupied by independent streams reaching the sea 
in different directions (plate 15). These basins may conven- 
iently be designated as the basins of the upper , middle, and 
lower Charles. Furthermore, both the upper and middle basins 
are still further subdivided. 

Basin of the Upper Charles. — In the case of the upper 
Charles, it has been found that : — 

I. Both east and west of the ridge extending north from 
Bellingham there are broad valleys leading toward well-marked 
gaps in the watershed on the south, and these gaps are entirely 
free from outcrops. 

2. The east-west valley at Bellingham possesses distinctly 
postglacial characteristics. 

3. The valley from North Bellingham through the gap 
in the water-parting to South Bellingham offers a nearly 
straight course. 

4. The valley of the Charles south of Caryville is much 
broader than to the north, and the width increases toward Bel- 
lingham. Between- Bellingham and Caryville it is too large to 
belong to a small stream flowing north from Bellingham, but 
it may easily have been formed by Qiicken, Shepards Hopping 
and Mine brooks combined. 

5. The southward course is the shortest route to the sea. 
Bellingham being only twenty miles from Narragansett bay, 
while from Boston bay it is twenty-seven miles. 

6. The topography and geolog}* in the vicinity of Med- 
way render it improbable that any preglacial outlet existed in 
that direction; and thus the Bellingham outlet is left as the 
only alternative. 

7. This course follows the area of metamorphic rocks 
extending south from Medway. The present course, on the 
contrary, is from the metamorphic to the harder, igneous rocks. 
Thus we may conclude that the preglacial drainage of the 
region of the upper Charles passed southward through Peters' 
and Mill rivers and the Blackstone to Narragansett bay. 

Basin of the Middle Charles. — The basin of the middle 
Charles was likewise occupied by two main streams. One of 
these, which we will call the Populatic (from Populatic pond), 
rose in the vicinity of Holliston and flowed almost directly 
fouth, following the depression east of Medway and the val- 
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ley of Mill Rrook to the Norfolk basin in Wrentham; where, 
turning to the southwest, it presumably followed the narrow 
band of sedimentary rocks to the Narragansett basin, and Xar- 
ragansett bay. The other river, the Baggistere (named after 
Baggistere brook), had its source near that of the Populatic 
but flowed in an easterly drection, following the depression ex- 
tending from the mouth of Stop river along Mine brook to 
tlse Xeponset valley, and thence to Boston bay. 

Basin of the Ldzcer Charles. — Without the drainage of 
the basins of the middle and upper Charles the lower Charles 
would have been but a relatively insignificant stream, had it not 
received the drainage of a large area to the west which more 
than compensated for the loss on the south. It is practically 
certain that the preglacial Charles did not have its source, as 
might be expected, in the valley of Xatick and Dover, but that 
it rose far to the northwest. A peculiarity of the Sudbury river 
is the fact that, although in the upper part of its course it 
flows directlv towards the Boston basin to within five miles 
of its border, instead of taking the direct course of twenty 
miles to the sea across the softer basin rocks, it turns north- 
ward in the vicinity of Framingham to luiite with the Assabet 
at Concord, forming the Concord river, which is tributary to 
the ^lerrimac at Lowell, and thence to the sea at Xcwburv- 
port, making a total distance from Framingham of seventy-five 
miles. The natural explanation of this very unstable course 
is that between Concord and Cochituate the drainage has been 
reversed, and that in pre-GIacial time the river had its source 
near Concord, flowing southward to the Charles through a 
valley now indicated in part by the basins of Morse's pond 
anrl Lake Waban. Further evidence that this is the course 
of the preglacial Siulbury river may Ixi summed up as follows : 

1. Al)sence of outcroi>s shows that l>etween the Sudbury 
river west of Reeves hill and the Charles there is room for 
a buried valley over a mile wide. 

2. An artesian well bored just west of Wellesley and near 
thc.i^KD iiMM contour went ihrough 90 feet of sand and gravel 
v» ithout reaching bed-rock. 

I. The Sudburv river meadows widen southward. 
4. The Sudbury and its tributaries tend to converge 
toward the south rather than to the north. 
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It is extremely probable that before the reversal of the 
Sudbury drainage the Assabet river was tributary to the Sud- 
bury through either Pantry or Hop brooks ; and thus the entire 
area now comprised in the Sudbury ^nd Assabet basins drained 
into the Charles, which must, therefore, have been a stream of 
considerable size. 

Upon reaching the Boston basin the buried valley of the 
ancient river probably turns northeastward, passing beneath 
Wellesley to the valley of Rosemary brook west of Highland- 
ville, and thence northwesterly, to the present river below New- 
ton Lower falls. An interesting problem is presented by the 
broad valley of the present river lying east and northea3t of 
Nccdham. This valley is situated on the western end of the 
West Roxbury slate belt (plate 13), and at Highlandville is 
separated from the preglacial valley of the Charles only by a 
high sand-plain, which for a mile north and south, is entirely 
free from outcrops (fig. 5). Between Highlandville and West 
Roxbury numerous borings have been made, some of which 
extend as much as 35 feet below sea-level without reaching 
l)ed-rock. To account for this ancient valley it has been sug- 
gested that the preglacial Charles may have flowed eastward 
along the slate belt across West Roxbury and Dorchester, thus 
making nearly a straight course from Wellesley to Boston bay. 
I have considered this view, but have been able to find no direct 
evidence to sustain it. 

Tide 'Water Portion of the Charles, — At the mouth of 
the Charles, as at the mouths of many of our seaboard rivers, 
there is a deep buried gorge which exists as evidence of the 
great Pleistocene elvation of the land, and its subsequent sub- 
sidence carrying the river beds far below sea-level. That such 
is ihe case is shown by numerous artesian well and other bor- 
ings in Boston and vicinity.* Between the Back Bay district 
and Old Harbor, north of South Boston, wells have been 
bored to depths as great as 160-170 feet below sea-level be- 
fore reaching bed-rock, indicating that beneath this part of 
the city lies a deep east-west gorge. North of this depres- 
sion the bed-rock is shown to rise, until near the present river 
north of Beacon hill it reaches sea-level. Moreover, in Cam- 

*Geolos^ical History of the Charles River, Tecbnologj Quarterly, vol. xiv. 
No. 8, p. 199. 
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bridge deep borings have been made which lie exactly in line 
with this gorge ; and with a slight bend, the surface depression 
extends with an average width of two miles, across Belmont 
and Arlington to West Medford. Professor Crosby has 
shownt that the Merrimac river in pre-Glacial time was prob- 
ably tributary to Boston bay. If such was the case, its most 
direct course would be directly southward from Arlington 
along this depression to the Old Harbor, which would make 
the preglacial Charles a branch of the Merrimac, with the 
junction in the vicinity of Cambridgeport. A possible alter- 
native course for the Charles would be northeastward from 
Waltham, along the line of the Fitchburg railroad, joining the 
Merrimac near Spy pond. Such a course would avoid several 
difficulties which arise in connection with the Watertown route. 
Tertiary History of the Charles River System. 

Having outlined the geography of the region included in 
the basin of the Charles river as it existed at the beginning 
of the Pleistocene period, it is next in order to go back to the 
Tertiary period and show how the Pleistocene system of drain- 
age could be brought about. 

When, at the close of the Cretaceous period, the recently 
formed peneplain was raised gradually out of the sea, a drain- 
age system must have been established following the normal 
seaward slope of the sediments, and entirely indifferent to 
the structure of the underlying hard rocks. It would be use- 
less to attempt to decipher the courses of these oldest streams. 
The last remnants of their valleys have long since disappeared, 
and they are as likely as not to have flowed at some points 
over the tops of our highest hills. Following the laws of devel- 
opment, the streams kept continuously at work wearing away 
the Cretaceous sediments until they became superimposed upon 
the pre-Cretaceous rocks of varying hardness, in which for a 
time they continued their work of erosion. 

Remnants of some of the valleys formed in the succeeding 
epochs can be seen in numerous gaps in the highlands at pres- 
ent unoccupied by large streams. One of these gaps probably 
formed in early Tertiary time, is the marked line of valley 
which the old Middlesex canal followed from Lowell to Boston, 
and w hich is the site of the early Pleistocene Merrim ac. This 

fOeolosical History of the Nashua Valley, p. ao2. 
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is the most direct route to the sea for the Merrimac, and there 
is no necessity for supposing that at any time during* the Ter- 
tiary period it took a different course. Another gap of less im- 
portance, lies between Bear and Doublet hills west of Waltham. 
This pass is in line with a marked depression extending west- 
ward from Sudbury. Several miles south of this is the gap al- 
ready mentioned in the vicinity of Cochituate. This depression 
is continued eastward through the present valley of the Charles 
between Needham and Dedham, and thence along Mother 
brook to the Neponset river. Westward it is continued be- 
tween Nobscot and Green hills to the valley of the Assabet. 
A fourth line of vallej extends east from the vicinity of Sher- 
born through Millis, Walpole and Norwood, and along the 
Neponset river to the sea. The high ridge extending north 
from Bellingham, and the passes in the adjacent southern 
watershed have been already noted. As the streams which 
occupied these passes are shown to have held the same locations 
at the beginning of the Pleistocene period, they, like the Merri- 
mac, evidently ♦lid not change their courses greatly during 
Tertiary time. 

The development of the stream occupying the Cochituate 
gap was more complex. This river, coming from an area of 
hard crystalline rocks, crossed the softer formations in Welles 
ley and Needham, then flowed over the crystalline area east 
of Needham, reaching the «edimentaries again in Hyde Park 
(plate 13) . It is possible that this stream may be the lower por- 
tion of the Wachusett river* discovered by professor Crosby, 
who has traced its course as far as the Assabet. The discovery 
of an ancient river flowing from the Assabet to the sea makes 
it a reasonable supposition that the two were synchronous and 
hence, probably the same. This stream, coming from a long 
distance, and having many tributaries, must have carved out 
a l)road valley, and appropriated the drainage of a consider- 
able area. The upper portion of the Sudbury and its trib- 
utaries belonged to this system. The valley of the Sudbury 
north of Cochituate is certainly very old, and was probably 
formed at that time. Being a tributary to the powerful trunk 
stream, it could erode its valley rapidly, cutting below the 
level of the Waltham gap, and beheading the stream occupying 

*GeoIoj{ical History of the Nashua, valley, 1. c., pa^ 312. 
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it. The lower portion of this beheaded stream is represented 
today by Stony brook, which has never been of sufficient size to 
make a large valley. One of its branches, the infantile Charles, 
flowing northward from Needham through the Boston basin, 
cut backward toward the south, and on account of its location 
on the softer rocks, deepened its valley below that of the east- 
west stream (the possible Wachusett). This river was re- 
tarded in its erosion by the cn,-stalliHe areas across which it 
flowed, making possible its capture by the Charles. Thus, ex- 
cept for several minor tributarv- streams, the Tertiary valley 
between W'ellesley and Hyde Park was left dr_\. The valley 
northeast of Xeedham was prabahi}- fonned by a tributary 
to the Charles which cut backward from Highlandville along 
the slate belt to the east. 

Another great Tertiary stream draining the area under 
consideration was the Baggistere. which rose in the vicinity 
of Shcrborn and flowed east ajid then northeast to Boston 
bay through the Xeponset valley, which is shown by its great 
size to have been occupied at an early date by a large stream. 
The Xeponset river, flowing entirely upon sedimentary rocks, 
was able to cut back its vallej' for a considerable distance, 
the limit probably being reached in the vicinity of Nor- 
folk, where, as indicated by the topography, a tributary of Xar- 
raganscit bay had its source. At first the south-flowing streams 
in this vicinity may have run directly across the crystalline 
area between the Norfolk and Xarragansett basins; but in 
■time they must ail have been diverted to the easier outlet 
through the connecting pass at Wrentham. Thus the Xorfolk 
basin became occupied by two main streams, flowing in op- 
posite directions from the watershed at Xorfoik. The minor 
streams having tiieir sources on the large crystalline area to 
the north then so adjusted themselves as to take the most 
direct courses to the main streams in the basin. It is probable, 
however, that little adjustment was necessary, as the basin 
hv directly across their seaward jwihs. 

y changes cmthncil above were midoubtetlly 
■!c3t; but this apjicars to be the simplest se- 
ll could have brought about the comlitions 
; of the Pleistocene period. The 
1 present conditions are found 
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to correspond closely with those derived from the most prob- 
able development of the Tertiary drainage. 

Glacial Lake Charles. 

At the beginning of the Pleistocene period occurred the 
great elevation of the land which ushered in the Ice age. With 
the subsidence at the close of the Ice age, came the melting of 
the ice-sheet and the release of great volumes of water, which 
collected south of the receding ice-front in northward sloping 
valleys to form glacial lakes. In basins where the preglacial 
drainage had been to the north, the water-parting on the south 
naturally formed the southern barrier of the glacial lake. But 
in the basins of the upper and middle Charles the greater part 
of the preglacial drainage was southward. In these cases, at 
times when the ice-front rested at narrow portions of the south- 
sloping valleys, the detritus-laden streams from the ice-sheet 
formed apron-plains of sand and gravel which completely 
closed the valleys and presented an effectual southern barrier 
to the glacial waters. 

Lake Charles, being retained on the south by the frontal 
plains and the intervening highlands, and on the north by the 
high ice-front, necessarily overflowed through the lowest pass 
in its southern water-parting. As the ice receded northward, 
lower and lower passes were uncovered in the southern and 
eastern sides of the basin, serving as successive outlets for the 
lake, and allowing the water to fall each time to a lower level. 
Each stage of the lake is characterized by extensive deposits of 
modified drift, the maximum elevation of each coinciding ap- 
proximately with the level of the lake during that stage. 

Bellingham and Wrentham Stages. — During its history 
lake Charles had twelve distinct outlets, two of which coin- 
cided with outlets of glacial lake Neponset (plate 16). The 
stages are less in number than the outlets, however, for dur- 
ing the earlier history of the lake each stage had several out- 
lets at or near the same level. Thus the. two outlets in the 
vicinity of Bellingham and those southeast of Franklin have 
all an elevation of about 240 to 260 feet. The stage of the 
lake corresponding with these outlets may be called the Bel- 
lingham stage. 

Simultaneously with this was the Wrentham stage, dur- 
ing which the ice was disappearing from the region east of 
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Franklin. In this area there were four outlets, three of 
which were south of Whiting pond and the fourth just south of 
the Pinnacle. According to the topographical map, these outlets 
var>- in elevation between 240 and ^80 feet, but like the Bel- 
lingham and Franklin outlets, they should probably all be re- 
ferred to a single stage of the lake, the elevation of which was 
somewhat variable. During these stages the lake was confined 
to the region south and west of Norfolk. The areas covered 
by water are indicated in plate 16. 

Charles-Neponset Stage. By the continued recession 
of the ice during the Bellingham and Wrentham stages a pas- 
sage was opened to the east along the north end of the ridge 
north of Foxboro, and lake Charles then became confluent with 
lake Xeponset. The development of the Neponset lake had 
been going on simultaneously with lake Charles, and the ice 
had by this time receded far enough north to open the Stough- 
ton outlet, at an elevation of about 200 feet. This, being lower 
than any hitherto uncovered pass in either basin, became the 
sole outlet for the confluent lakes. The deposits of this stage 
extend up the valley of the upper Charles beyond North 
Bellingham, and in the valley of Mill brook as far as Whiting 
pond. Northward they extend nearly to South Framingham. 
The presence of 200 foot deposits west and north of Great Blue 
hill shows that while this area was covered by water the Mon- 
atiquot outlet was still blocked by ice on the east. 

Siidhury-CharleS'Xeponsct Stage. With the disappear- 
ance of the ice from the valley of the Monatiquot river, an out- 
let was opened along the south side of the Blue hills at a level 
of about 160 feet, allowing the water to overflow to the east, 
into lake Bouve,* which at this time had a level of about 12c* 
feet. During this stage the Charles and Neponset lakes were 
contluent at two points : first, through a narrow pass, perhaps 
not over 500 feet wide, between the valley of Mine brook in 
Walpole and Stop river in Medfield : and second, at Dedham, 
where the pass was nearly two miles wide. Lake Charles 
was also contliient with lake Sudbnr>-. the water overflowing 
throui^h the Monatiquot being not only that due to the melt- 
ing oi ice in the Cliarles-Xeponset region, but also that of a 

• A. W. GRABAt*. Lake Boare. Occasional papers. Bos. Soc. Sat. Hist., vol. 
iv. part 3. pp. 534^-600. 
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large area to the west. At this time the ice front in the Nashua 
valley probably stood in the vicinity of Clinton, and the outlet 
of lake Nashua was through the pass at South Clinton into the 
valley of the Assabet river and thence to lake Sudbury. Thus 
the drainage of the entire area included within the watersheds 
of lakes Nashua, Sudbury, Charles and Neponset was at this 
stage tributary to lake Bouve. 

The plains of this stage of the combined lakes are by far the 
best developed of any stage. In Newton they are developed as 
far north as the Boston and Albany railroad. Extending 
westward from Brighton along the line of the railroad into 
Weston is a well developed ice-contact slope which marks the 
northern limit of the lake at this stage. Northwest of Needham 
and Sherbom the plains extend through Wellesley, Natick and 
Framingham, across the Cochituate water-parting to the val- 
ley of the Sudbury, where an extensive series of the same gen- 
eral devation is found, extending even dow the valley of the 
Concord river into Bedford and Billerica. Between Brighton 
and Hvde Park there is a satisfactorv eastern land barrier for 
the lake (pi. 16), but the absence of such a barrier in the north- 
ern part of Newton, and again in Dedham, together with the 
characteristic ice-margins found at those places, indicates that 
while on the west the ice had retreated as far north as BiF- 
lerica, it still occupied Boston bay and a large part of the 
Boston basin. 

When the region directly north of the Blue hills was finally 
uncovered, the passes in Milton and Quincy were opened and 
the lake fell to still lower levels. To these lower stages of the 
combined lakes, entirely within the Boston basin, professor 
Crosby has given the name Lake Shawmiit. 

During the time when the ice was retreating from the re- 
gion and the glacial lakes were falling successively to lower 
and lower levels, new streams and drainage systems were grad- 
ually developing upon the land surface recently uncovered. The 
extensive drift deposits had so changed the character of the 
topography, however, that the streams rarely resumed their 
former courses, the principle factor in reversing the drainage 
in the upper and middle Charles being the formation of the 
apron plains which blocked the southward-sloping valleys, 
and thus formed a new water-parting north of which all drain- 
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age must be iiortliward. -^ lake Charles fell from stage to 
stage, all the outlets on the south and east were in turn aban- 
doned, so that when the lake finally disappeared from the basin 
of the middle Charles the new river had to take possession of 
the lowest outlet to the north, the pass midway between Med- 
6eld and Natick. through which it now flows. Similarly, at 
BeJHnghaf, at Medwa}", between Charles River village and 
Dedhani, and at Newton Upper and Lower falls, the filling of 
the old valle\- caused the new river to deviate frcmi its pre- 
glacial course, so that it now frequently flows over ledges in 
which it is still carving its gorges. 
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GEOLOGICAL HISTORY OF THE HEMATITE IRON 
ORES OF THE ANTWERP AND FOWLER 

BELT IN NEW YORK. 

Bj W. O. Crosby, Boston. 

The occurrence in specimens of the massive red hematite 
from the old Sterling iron mine near Antwerp, in Jefferson 
county, New York, of more or less pyrite and possibly pyrrho- 
titc, in addition to the well known pockets lined with crystal- 
lized sidcrite, chalcodite, specular hematite and quartz »and 
further adorned by the brilliant golden needles of millerite for 
which this mine is famous, long ago suggested to me, as, per- 
haps, to others, that the hematite had had its origin in the 
differential oxidation of slightly nickcliferous iron sulphides, 
the nickel having remained in combination with the sulphur and 
recrystalized as millerite. But when in the summer of 1895 I 
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visited the Sterling mine, in company with Capt. Hodge, an in- 
tclHgent resident of Antwerp and for many years superinten- 
dent of the mine, and a party of students, I was surprised, not 
having previously read up on the geology of the mine, to find 
that the ore occurs in, and in intimate association with, a mas- 
sive, soft, greenish-black, chloritic-looking rock, which is di- 
vided in all directions by sHcken sides and apjx^ars to be a high- 
ly altered (chloritized) trap. It appears that this rock was 
called .<;erpentine by Ebenezer Emmons.* In part it bears some 
lesemblance to serppentme, but in general the aspect is chlor- 
itic rather than serpentinic. P»eing fresh from the study of the 
deposits of nickeliferous pyrrhotitc and chalcopyrite in the di- 
oritic rocks of the Sudburv district in Ontaroi and of 
the Gap mine in Lancaster county, Pennsylvania, which 
had been quite clearly shown by Kemp and others to 
be products of magmatic differentiation, I at once adopted 
this as a provisional explanation or working hypothesis 
for the deposits of the Sterling mine, and probably of the other 
mines of the Antwerp-Fowler belt, Capt. Hcnlee having assured 
me that the geological conditions were similar throughout this 
linear series of deposits. 

At the time of my visit, all of these mines had been closed 
for some time, probably never to be reopened ; but my observa- 
tidus on the surface, including the dumps, supplemented by 
such information concerning the underground conditions as the 
superintendent could give me, led me to the conclusion : that the 
ore-body of the Sterling mine is in a dike, fiftv feet or more 
in width, of some highly altered basic rock, possibly diabase; 
that the ore was originally a magmatic segregation of this rock, 
chiefly in the form of sulphides, which have subsequently suf- 
fered more or less complete oxidation to a considerable depth, 
the ore being now, virtually, a gossan : and that this dike is, 
probably, continuous for the entire length of the belt of mines, 
although absolute continuity is by no means essential to the by- 
J) -ihosjs. 

The trend of the ore-belt and the hypothetical dike is ap- 
l)n )ximately northeast from the vicinity of Antwerp, closely fol- 
lowing the valley of a tributary of the Os;vvegatchie river. At the 

• Geology of the Second District, pp. 93-06. 
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Sterling mine, two and one-half miles from Antwerp, the south 
east side of the valley is gneissoid granite and the northwest 
side is Archean limestone. The granite is of a distinctly acid 
type, of a light gray color and medium texture, rich in quartz 
and decidedly poor in ferro-magnesian minerals — chiefly biotite/ 
but with slight pegmatitic developments of only moderate 
coarseness. The granite appears to form the southeast wall 
of the dike and the limestone, in a general way, the northwest 
wall, except that in the immediate vicinity of the mine the 
dike is, superficially, bordered on the northwest side by an out- 
lier, probably of no great thickness, of the Potsdam sandstone. 
The descriptions of the mines by Putnam, in the Tenth Census 
report (vol. 15, pp. 141-144), indicate that the sandstone is a 
fairly constant feature of the deposits, occurring also at the 
Shirtleff mine in the town of Philadelphia, which is not in the 
trend of the Antwerp-Fowler belt, and probably represents a 
distinct dike or occurrence of the chloritic rock and its associa- 
ted ore. In most cases, however, the sandstone, which is still 
approximately horizontal, is described as covering the chloritic 
rock and ore more or less completely, suggesting that this basic 
igneous rock may antedate the sandstone, which was spread 
by the Potsdam sea across its outcrop; and certainly the ex- 
treme alteration of the chloritic rock is indicative of a high 
antiquity. But, on the other hand, I have observed nothing 
in the composition of the sandstone as developed at the Ster- 
ling mine confirmatory of the view that it was deposited over 
the ore-bearing formation. It is equally true, however, that 
it contains little or no identifiable detritus from the Archaean 
granite, for it is the clean, white, quartzose sandstone of fine 
and even texeure «o characteristic of the base of the Pots- 
dam ; and its composition harmonizes readily with the hypothe- 
sis that it is the newest rock in the section, as indicated by its 
horizontal attitude, if we accept the view developed in my 
study of the Archaean-Cambrian contact in Colorado* that the 
transgression of the Potsdam sea over this area was 50 slow 
and gradual that erosion had time to accomplish its perfect 
work, base-levelling the surface and reducing all detritus to the 
two final terms — ^fine quartz sand and clay. Under these con- 
ditions sediments will rarely reflect in an y reliable manner the 

• BuV. Geol, Soc, Amer,, 10. 141-164. 
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mineralogic character of formations which they cover uncon- 
formablv. 

Unquestionably, the interest of the geology of the Antwerp- 
Fowler mines centers in the nature and origin of the chloritic 
rock and its true relations to the ores. On returning to Boston 
with my collection, I found that in the previous year (1894) 
Prof. C. H. Smyth* had expressed the opinion, based upon 
microscopic and chemical examinations, that the chloritic rock 
is a highly altered phase of the granite. The fact upon which 
he especially relies is the occurrence in the chloritic rock of 
glassy grains and masses of quartz, which are regarded as re- 
sidual. His analysis of a specimen free from visible quartz 
shows : Si02, 30 per cent. ; ^IgO, 1 1 per cent. ; FeO, 27 per 
cent. ; and H2O, 12 per cent. ; the remaining 20 per cent, being, 
presumably, chiefly AI2O3. This is approximately the com- 
position of prochlorite, and indicates an ultra-basic rock, while 
the granite, as represented by my specimens, is rich in quartz 
and poor in ferro-magnesian constituents, and certainly con- 
tains as much as 70, if not 75, per cent, of silica. 

The general aspect of the rock is precisely that of many 
highly chloritizcd traps in the vicinity of Boston; and this re- 
semblance is hightened by the slickensides by which it is min- 
utelv and almost indefinitely subdivided. These testify to dif- 

* * * 

ferential movement throughout the mass, and can have, appar- 
ently, but one explanation — expansion due to chloritization 
and hydration. It is manifestly impossible to find in this light- 
colored, acid granite more than a small fraction of the magnesia 
and ferrous oxide shown by Prof. Smyth's analysis of the chlor- 
itic rock. Thev are clearly not chiefly residual constituents of 
the granite ; and if this hypothesis stands, the main part of each 
must be imported. The only alternative is to suppose that the 
silica and alumina have suflfered improbable diminution, in 
which case the expansion of the rock essential to the explana- 
tion of the slickensides would Ix? unexplained. But where can 
we find an adequate external source of the MgO and FeO? 
Prof. Smyth suggests the Archaean limestone and the action 
upon h of solutions derived from the oxidation of some near-by 
deposit of pyrite. Hut no sulphides are known in the vicinity, 

I - 
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except those intimately associated with the hematite in the chlo- 
ritic rock ; and it is not apparent by what reactions the magnesia 
of the limestone, existing, probably, largely in the form of in- 
soluble silicates, is to replace the acid aluminous silicates of the 
granite, reducing the silica by fully forty per cent. Prof. 
Smyth seems, farther, to regard the ore as a replacement of 
limestone, although so intimately associated with and enclosed 
in the massive chloritic rock, which is interpreted as an altered 




phase of granite. The masses of crystalline calcite in the ore 
are certainly suggestive of inclusions of limestone; but it is 
important to remember that calcite is an exceedingly impor- 
tant secondary mineral of the basic eruptives, as witness the 
crystalline calcites of the cupriferous melaphyrs of Keweenaw 
point. 

Apparently, the chemical difficulties of Prof. Smyth's thesis 
are insuperable; bgt we turn now to the consideration of his 
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Fig. 2.— a trapnent of the chloritic rock showing, diagrammatically. stretched 
and dislocated veinlets of quartz. One-third natural size. 

main argument, — the disseminated grains of quartz in the 
chloritic rock. To beg^n with, the free silica or quartz appears 
to be wholly or almost wholly wanting in a considerable portion 
of the chloritic rock; and it is probablv this material thai is 
represented by Mr. Smyth's analysis. A considerable part of 
the quartz, also, occurs, or has occurred, in the form of veinlets. 




Fig. 3.— Another fragment of the chloritic rock showing, diagrammatically, 

angular inclusions of quartz, the most of which, at least, are probably 

due to the comminution of quartz veinlets. Ooe-half natural size. 

varying from a line to possibly an inch or so in width. Al- 
though undoubtedly secondary features of the rock, the veinlets 
clearly antedate the final or complete alteration ; and especially 
do they antedate a large part of the hydration, expansion and 
consequent slickensiding of the mass, for they have been very 
extensively broken, dislocated and even granulated by this dif- 
ferential movement. The, chloritization or greenstone altera- 
tion of a trap, it is well known, involves the liberation of a 
large amount of silica, which commonly takes the form of vein- 
lets in the rock, and then during the later stages of the alter- 
ation the veinlets may be broken and disarranged. How com- 
plete the destruction may be is well shown by figures 2 and 3, 
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drawn from specimens collected on the dump of Sterling mine. 
The shaded areas are wholly glassy quartz ; but a part of that 
The included areas are wholly glassy quartz ; but a part of that 
shown in figure 3 may not be vein quartz, although the main 
part of it certainly is, as indicated by the large size and dis- 
tinctly fragfmental forms of the masses. In no instance does 
the chloritic rock itself, apart from the included quartz, appear 
to have been crushed or brecciated ; but the slickensides suggest, 
rather, a differential flowing which has brecciated the unyield- 
ing quartz veinlets. It is easy to see, in the light 
of these examples, that with slender veinlets, at least, a com- 
plete and seemingly original granulation of the quartz might 
result. Again, the secondary silica in a case of this kind does 
not necessarily assume wholly the form of veinlets, but it may 
have been developed in part as amygdules or pseudo-amygdules 
or as irregular segregations and replacements. Certain it is 
that a trap rock is, during the process of chloritization, a pro- 
lific source of free silica, which is: .unlikely in the case of a 
large dike to wholly escape, even into cjracks in the rock itself, 
crystallizing in part in interstitial 01* disseminated forms. 

I have not observed the rnasses described by Prof. Smyth 
as showing gradation from the grapite into the chloritic rock 
or greenstone; but not having read his paper before visiting 
the locality, I may have overlooked tliem. . I venture the sug- 
gestion, however, that they may be inclu^ns of the granite 
in the basic dike, which have naturally shared the alteration of 
the latter and are by simple contact more or less stained or im- 
pregnated by the chloritic material. Of course, this might 
happen to the unbroken granite wall of the dike as well as to 
inclusions. As showing that granitic inclusions are not wholly 
wanting, I may add that my collection from the Sterling mine 
contains a mass pf distinctly pegmatitic character, in which 
coarsely crystalline mica is a prominent feature, which I broke 
out of the soft, dark-green, chloritic rock. It does not, how- 
ever, show any important alteration, even the mica being still 
essentially intact. The sandstone on the opposite side of the 
dike, although of a distinctly permeable character, does not, so 
far as I have observed, show any appreciable chloritic impreg- 
nation, notwithstanding the fact that it is at some points very 
deeply stained or impregnated, but not replaced, bv the hein-i- 
tite. 
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As additional evidence that the quartz in the freenstone 
niay be secondary rather than residuary may be mentioned 
the crystalhne quartz occurring with the siderite, chalcodite, 
millerite, etc., tn the pockets of the hematite ; and the fact, well 
attested by specimens in my collection, that the greenstone has 
been metasoniatically replaced by quartz on a considerable 
scale. One specimen shows the complete replacement of an 
angular joint-block of the greenstone nearly a foot long and 
half as thick, forming a sharply angular quartz geode of these 
dimensions {fig. 4). Even granting that the granular quartz 




is partly or wliolly residuary does not prove the deriviation of 
this ultra-basic rtx'k from the granite, for the original basic 
rock of this dike may very well have been quartziferous, a 
quartz-diorytc, or ]K)ssibly a quartz-gabbro. The original rock, 
while quite certainly not so acid as the granite, was not neces- 
sarily highly basic; and the magmatic segregation of sulphides 
is by no means confined to n.Hrks exceptinnallv low in silica; 
but tliey arc fairly comniDn in rocks nf neutral or sub-acid char- 
acter, and even, as in the case of some of the ore-bearing 



The Antwerp and Fowler Belt. — Crosby. 241 

• « 

dioritic rocks of the Sudbury district,, in those containing free 

quartz. 

In view of all these considerations, it appears to me most 
probable that the chloritic rock or greenstone is a highly al- 
tered, basic eruptive; although I rec(^;nize that some facts 
point to its derivation from the granite, and especially that the 
disseminated granular quartz would find thus its readiest ex- 
planation. Again, a basic dike six miles or more in length ap- 
pears far more probable than a sharply defined and apparently 
persistent zone of granite showing such a radical and unusual 
transformation as the alternative hypothesis calls for, especially 
as such a zone of alteration, while unique, and on chemical 
lines, at least, highly improbable for the granite, is entirely 
normal for the dike. In other words, if the basic dike be 
granted, the development of the sulphides in it by magmatic 
segregation, the chloritization of the silicates while still at a 
great depth, and the subsequent development of the iron ore 
by the differential oxidation of the sulphides, appear as entirely 
normal incidents of its history. 

I may add to this that some of my specimens from the Sterl- 
ing mine show sulphides, still unoxidized, disseminated in the 
slickensided chloritic rock precisely as in the dioryte of the 
Sudbury and Gap mines ; and in this connection it is interest- 
ing to note, further, that according to Brooks* and several of 
the sections given by Emmons, the normal position of the iron 
ore is, more or less distinctly, peripheral with reference to^he 
chloritic rock, thus parallelling another important feature of 
the deposits having their origin in magmatic segregation. 

Since writing this paper, I have had an opportunity to 
study some of the auriferous veins of the new Michipicoten 
district of Ontario ; and I was specially interested in an occur- 
rence on the southeast side of lake Wawa, where, during the 
alteration of a basic dike, the resulting chloritic matter has 
impregnated and saturated the bordering acid granite to such 
a degree that the latter rock is completely disguised, the gran- 
ite falling under the hammer into thin, angular fragments 
which are completely coated with the shining, black, chloritic 
glaze and being easily mistaken for a chloritized trap. Closer 

_ » 
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examination shows, however, that the original minerals of the 
granite are but little altered ; and that it is essentially a case 
of the saturation of a rock along joints and rifts by the sec-, 
ondary mineral of a neighboring rock. This appears to throw 
some light upon the problem of the quartzose chloritic rock of 
the Antwerp- Fowler iron mines, and at least suggests the pos- 
sibility that the quartzose portions of this matrix of the iron 
ore may be, after all, a phase of the granite. But the basic 
dike is still required as a source, alike of the impreg^iating 
chloritic matter and of the metallic contents of the formation. 



NOTES UPON THE MAUCH CHUNK OF PENN- 
SYLVANIA 

By John J, Stbvbnson, New York 

Professor H. D. Rogers recognized two series in the Lower 
Carboniferous of Pennsylvania, which he designated as Ves- 
pertine and Umbral. Professor Lesley rejected these names 
and replaced them with the geographical terms, Pocono and 
Mauch Chunk. The latter term i<s inappropriate as the char- 
acteristic features, shown by the series at that locality, mark 
only a small area within northeastern Pennsylvania. The 
Mauch Chunk, in much of the northern area, is triple, shales, 
limestones and shales; a division faintly recognizable even 
around the southern and middle anthracite fields, well-defined 
further south in the Broad Top field, east from the Alleghenies, 
and especially distinct in northern Pennsylvania on the north- 
eastern part of the Allegheny plateau within Lycoming county. 

The lower shales are present throughout northern Penn- 
sylvania, becoming the Shenango shales of L C. White in 
the northwestern counties, but they disappear in the southern 
counties, being absent in Maryland, east from the Alleghenies, 
while under the Laurel and Chestnut Hill anticlines they dis- 
appear before the Conemaugh river is reached. 

Traces of the middle or limestone division have been recog- 
nized even at the east end of the southern anthracite field ; it 
is better defined in the northern field, while in the Broad Top 
area it is distinct. Its lower portion is persistent as far north- 
ward on the Allegheny plateau as northern Lycoming county, 
northwestward to bevond Lock Haven in Clinton countv and 
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the eastern border of Armstrong county. This portion is per- 
sistent southward as a sandy limestone of peculiar structure^ 
termed the Siliciolis Limestone in the writer's Pennsylvania re- 
ports. The upper or gjeat mass of the limestone, however; 
though faintly recognizabfe in central and northern Pennsyl- 
vania, does not become noteworthy until the southwest coun- 
ties of the state are reached, under the bold axes of the Alle- 
gheny plateau. The most northerly point, at which it has been 
recognized definitively, is in the C6nemaugh rivef gap through 
Chestnut ridge in Westmoreland county whefe six feet of 
fossiliferous limestone and three feet of calcareous shal<i, sep- 
arated by sixty feet of shale And sandstone, are shown in the 
railroad cuts. These are represented, probably, by I. C. 
White's calcareous breccias on the west side of the Broad Top 
field. Southward from the Conemaugh, these upper limestones 
thicken rapidly and attain much economic importance within 
twenty-five miles, e>:posures being frequent within Fayette 
and Westrhioreland counties in the gaps through Laurel and 
Chestnut hills as well as several localities further east in Som- 
erset county. These limestones, so insignificant at the north, 
become the notable "portion in the Virginias. 

The upper shales persist in northern Pennsylvania into 
Warren county, but they disappear westward so that they are 
indefinite throughout the extreme western counties of the 
state ; within the central portion of the basin, however, they 
retain their characteristics to southern Virginia. 

The United States Geological Survey has divided the 
Mauch Chunk or Umbral. The upper shales are termed the 
Mauch Chunk, the limestone is the Greenbrier, but no desig- 
nation has been affixed to the lower shales, as they have not 
been encountered sharply within any quadrangle yet mapped 
by that survey. It is unfortunate that these terms have been 
adopted, since they are as objectionable — ^and for the same rea- 
sons — as Chemimg and Hamilton, both of which have been re- 
jected by the survey for lack of definiteness. Mauch Chunk 
was applied in Pennsylvania to the whole series above the Po- 
cono atid includes the Greenbrier as well as the underlying 
shales : the writer in 1878 «Uggested the name Greenbrier for 
the whole series above Pocono and W. B. Rogers in 1883 used 
the terms Greenbrier shales and Greenbrier limestone. It is un- 
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fortunate that the name Maxville, applied to the limestone in 
Ohio, by E. B. Andrewe in 1869, has been overlooked. That 
geok^Et recognized the true relations of the de^sit at once 
and his conclusions were confirmed in the following year by 
F. B. Meek, who had just completed the study of a collection 
made by the writer from the same limestone in northern West 
Virginia. .Andreuc traced the limestone through southeastern 
Ohio into Kentucky. The adoption of this name would be not 
only a rect^^Jtion of the law of priorit)' but it would be also 
a just recognititm of a faithful getJogist, whose work, for the 
time, was of high order. 

It is now upwards of thirty years since the writer collected 
the fossils in West \'irginia upon which Meek based his de- 
terminations. No effort was made at that time to ascertain 
the distribution of the forms, but, as was the habit in those 
days, all the specimens fnxn all parts of the deposit were 
bundled up together. For the first time, in this interval, an 
opportunity was afforded last summer for careful examination 
of the limestone. The National road, leading from Washing- 
ton to St. Louis, and constructed in the early part of the last 
century, was macadamized in eastern Fayette county of Penn- 
sylvania with stone from this deposit, most of the material hav- 
ing been <Atained from Snyder's quarries on the easterly slope 
of Chestnut (now commonly known as Laurel) ridge and seven 
miles southeast from Uniontown. The exposure in these 
quarries has been increased greatly within a few years, as 
the farmers for many miles aroimd resort to it for limestone, 
so that now the upper part of the deposit is well shown. In 
studying this locality, no attempt was made to measure the 
overlying shales, as that work can be done only by instrumental 
survey, but the inter\'al to the Fottsville conglomerate is ap- 
pro.'cimately 200 leei. Fully one-lialf of this, however, be- 
longs to the Sharon coai group, which here is continuous mth 
the Lower Carboniferous as the bottom plate of the Fotts- 
ville ij absent. The collection of fossils was submitted to Dr.' 
Stuart Weller of Chicag"* I'niversity, who not only gave the 
Ust of forms but also ofi'ervd some notes respecting comb- 
tion. which will be presentctl in a later [>onian of this, jiaper. 

The sijc«*:^ii>n is as iollows: 

Shaie^ and sanJsioncf. approximately. _^^a^^^^^^^| 



Mauch Chunk of Pennsylvaitia. — Siczvttson. 

a. IJnwstODCi light blue, pure, non-foisiliferoui, seen 

3. Concmled 

4. Shale, brownish red, with thin streaks of imptire llme- 
Btone, containing Derbya craita 

5. Umcetone, shAljr, impure, bluish, weathering dlHy yt\- 
lowish-browR, very fossiliferous, containing sevctal species of 
Bryozoa, Dtfbya cratsa, Productut fatckulatus, Setititmh 
subquadrala, Spirifer Hltoni, PhilUpsia itrvetxsonif. Ash 
tooth. The Spirifer and Seminula are almost inrariably in 
separated valves 

6. Limestone, very hard, bluish, appears brecciated on the 
weathered surface. No fossils. This is exposed for a con- 
siderable distance in the field eastward from the quarry 

7. Shale, reddish brown, thinly laminated, appears to be 
non- fossiliferous except in one inch of impure limestone con- 
taining Derbya and Bryotoa 2' to 

8. Limestone, varies at expense of imderlying. shale, lower 
portion very irregular, impure, tends to be flaggy, reddish- 
brown, weathering rusty yellow ; upper and more persistent 
portion is more compact. Uuish but weathers rusty yellow, 
Fossils very abundant Produrfuj^om is not found intheup' 
per portion and is less abundant than P. fatcieulatus in the 
lower portion. The topmost layer, two inches, is crowded 
with Derbya associated with a few specimens of Seminula- 
Crinoidal stems abound in the upper portion. The forms 
are Zaphrentis spinulosa, Pmlremites eUgans, Bryoxca, Or- 
bicuhidea, sp.J)erbya era sa, Productus eora, P. fasciiulalus, 
Seminula jubqtiadrata, Spirifer littoni, Martinia conlraeta, 
Dielasma lurgida, Alhrisma, sp., Betlerophon sublaevis, Phil- 
Upsia stfvensoniT, fish remains. A small Orlbis and a nu- 
culoid shell were obtained but were mislaid. The Seminula 
attains large size and the Spirifer is coarser than in lower 

9. Shale, laminated, reddish brown, contains P. faiciculatus in 
lower part 2' 

10. Limestone with thin shale. This is the top of the quarry 
wall. On fresh surface, reddish brown, compact, tough, but 
irregular and shattered on long exposed surface, impure and 
not used for lime. Contains Zaphrentis spinulosa, Derbya 
crassa, Productus cora. P. fasciculalus, P. sp.. Seminula 
subquadrata, teeth and fragments of fish bones 

n. Limestone, same color as last but evidently more compact 
and less impure. It is very tough and is exposed only In 
the quarry wall, Pyrite is present in blotches one-fourth 
inch to two inches in diameter. Crinoidal stems up to one 
inch in diameter abound. Derbya, Seminula and Spirifer oc- 
rcaatonaHy, but for the most part fossils are rare 
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12. Shale and limestone with Dcrbya and crinoidal stems Jz' 6' 

13. JLiniestone, ver>' impure, argillaceous, bluish on fresh sur- 

face, brown on weathered surface. Crinoid stems abundant ; 
Bryozoa. Derbya crassa, Productus cora, P. fasciculatus, 
P. sp., Seminula subquadrata. Spirifer littoni, StraparoUus 
similis, Phillipsia stci'cnsonif 3' 6* 

14. Shale and impure limestone. Phillipsia abundant, but al- 
ways with convex side down o' 7* 

15. Limestone, impure, more or less nodular, layers, three inches 
to twelve inches thick and separated by laminae of shale. 
This is the floor of the quarr>* and ver>' rich in fossils, vrhich- 
for the most part, are beautifully perfect. The forms are, 
Zaphrcntis spimtlosa, Z cliff ordanaf, Agassisocrinus sp., 
Bryozoa, several species, Dcrbya crassa, Chonetes sp.. Pro- 
ductus cora, P. fasciculatus, Seminula subquadrata, Spirifer 
littoni, Martinia contracta, Eumctria marcyi, Dielasma tur- 
gida, Bclleroplton sublaevis, StraparoUus similis, Holopea 
ncictonensisT, Dentalium sp., Allorisma sp..Or//i ccras near ■ • 
O. annulatO'Costatum, Phillipsia stevensoni, fragment of fish 

spine : . . 42* 

16. Calcareous shale, dark brown, contains ver>' elongated Pro- 

ductus cora, occasional P- fasciculatus, Spirifer and Or- 
thoccras like that in Xo. 15 ©'3* 

17. Limestone, hard, dark blue, weathers rusty yellow, T)ut Is 
purer than Xb. 15. Fossils are abundant, but, for the most 
part, not recognizable; the same Producti, Spirifer and 
Seminula as above 3' 

The remainder of the section lies below the quarry and the succes- 
sion was obtained on the slope leading from the quarry to the National 
road. 

18. Calcareous shale, not fully exposed ; under cover it may prove 
to be limestone. Fossils are few and indistinct, only P. fas- 
ciculatus having been recognized 6' 

19. Arenaceous limestone, weathering with rough surface, fos- 

siliferous, but forms ver>' indistinct T 

20. Wholly concealed 23' 

21. Limestone, not fully exposed; the decomposing outcrop is 
reddish, but the rock weathers light buff; fossiliferous, 
contains Productus cora. P. fasciculatus. Spirifer littoni and 
Rhyxtchonella sp. The bed is evidently thicker than the 
exposure 2' 

22. Xot well exposed, but mostly bromn shale 2' 

23. Limestone, imperfectly exposed, upper part, reddish, com- 

pact, somewhat arenaceous, weathering light blue, no fos- 
sils: lower part is ver>- fossiliferous containing so mmay' 
small fragments of crinoidal stems as to appear grmiialar oa' 
weathered surface ; numerous minute forms 




Seminula or <Dielafi^a are shown oq' wCaAercd. auriace but ' 

all are very imperfect and none. qa|^.,li^ (tftpp^cd ifi tnc. 

solid rock ...,....,. .^. .,. ., 4" 

24. Not fully exposed, but mostly brown shale..'. 12' 

Us. Limestone, impure with frkgments of crinind' stems, and 

small' 5'^'ri/Vrj all crushed ;....' '..y."..i: o' 10* 

26. Wholly concealed. -. , .....i ,,..,.,.:..,.... . 8' 

27. Sandstone ox leached arenaceous limestone...... 1' ■ 

28. Shales, sandy , 12' 

29. Sandstone '.'. , 3* 

30. The Silicious limestone. This is not inched on the slope, 

but One can follow Nos. 28 and 29 Westward for 300 fcH 
to a deep ravine which optns' behind the Snyder house, 
■where the limestone is exposed for fully ^200 feet. The 
rock, known as "whinstone," was quarried here in immense 
quantities for use on the National road, being preferred to 
the less resistant rock from the other quarry. The peculiar 
current-bedding characterising this rock everywhere, is es- 
pecially notable in the lower portion, the bedding becoming 
comparatively regulat in the top seven feet. The general. 
structure resembles that seen in the consolidated dune sands 

of the Bermudas 35' 

Total thickness, approximately 250 feel. 

The dip is southeastward at 14 or 15 d^rees. The dips 
in this Chestnut (Laurel) hill are frequently very steepi' 
being considerably more than forty degrees at one locality 
on the western flank, and, generally speaking, steeper than 
those of Laurel hill arid other axes to the eastern edge of 
the Allegheny plateau in southern Pennsylvania. 

Mr, Meek, in 1870, decided that the fossiliferous lime- 
stone is of Chester age. By means of the more extensive 
collection. Dr. Weller has been enabled to make a closer ap- 
proximation to the horizon. He finds the fauna "essentially 
identical with that of the Maxville limestone in Ohio" as de- 
scribed by R. P. Whitfield in Vol. VII of the Ohio reports, 
so that he thinks "it will probably be safe to correlate the 
formation with that limestone." This cortdusion is in ex 
act accordance with the stratigraphtcal relations, for this 
ipper limestone is continuous with the MaxviIIe. 

Respecting its relations to the rocks of the Mississippi 

valliy, Dr. Weller's conclusions differ very slightly from 

those of Mr. 'Meek, who recognized the faufi'a unhesifatingly 

bChester. Dr.. Weller writes respecting the Maxvflle and 

He county tatinas that "they are 6l Genevieve age-^ name 
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which is used to include both the St. Louis and Chester or 
Kaskaskia of earlier authors. From the relationships of the 
faunas in the east it is -not easy to determine to what porti<»i of 
the Genevieve epoch the fauna belongs. The fauna of the 
Batesville sandstone in Arkansas, however, is closely related to 
these and it lies at the base of the Kaskaskia, just above the 
St. Louis, and it will probably be safe to assume that the age 
of the Pennsylvania and \\'est \'irginia faunas is about mid- 
Genevieve." 

From the point of stratigraphy this conclusion would ap- 
pear to be correct, for above the hmestone is the shale, attain- 
ing great thickness further south, which has yielded only Ches- 
ter forms. The Silicioiis limestone has yieldea no fossils at 
any exposure in southwest Pennsylvania, though carefully ex- 
alnined at many places. I. C. White, however, found in It 
an imperfect Straparollus on the western side of the Broad 
Top basin. The rock was studied carefully under the micro- 
scope by Profs. Linn and Linton of Washington and Jefferson 
college, who discovered in it an abundance of Foraminifera. It 
consists of "grains of quartz, sttme of feldspar, and roundetl 
grains of carbonate of lime, embedded in a matrix of carbonate 
of lime, and thus held together."* They emphasize the pecul- 
iar character ot the rock which enables one to recognize it at 
once in well drillings by aid of a glass. It is unique micro- 
scopically as well as macrix-icoiHcally. Southward its silicious 
material is less disseminated, more segregated, the rock be 
comes I'ossiliferous and its relations are with the St. Louts. 

One may object to this conclusion, that I. C. \\'liite found 
Chester fossils in the Shenango shales in northwestern Penn- 
sylvania and that the writer has regarded those shales as un- 
ilerlying the Sihcious limestone. There is no difficultv here. 
The Shenango shales in Crawford county of Pennsylvania arc 
hejond the extreme northwest limits of the limestone and In 
that region the>' must represent tbc whole sedimentation 
throughout the post-Pocoao time; lo thit if the Chester sea 
extended so far north, ooe dioiild caqiect to find Chester fos- 
sils in the shales. Just as the i^liarr.n ■ j,, ! ,,..s of Tennes- 
see, beyond the area in which !'■ ng have dis- 
appeared successively, must trpr i ^<.,n the whole' 

■ScconrJ Omi 
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of the Devonian and Pocono sedimimtation* though further 
north, the Chattanooga shales underlie the Chemung as that, 
still further north, underlies the Pocono. There is no rocrni 
for surprise when Pocono or Waverly fossils are found in the 
Chattanooga shales of Tennessee, nor should there be g^round 
for surprise if Waverly fossils are found in the Grainger shales 
further north, but still south from the southern limit of Po- 
cono.'^ 



EDITORIAL COMMENT. 




The Hugh Millbr Centenary. 

It is one hundred years since the birth of Hugh Miller at 
Cromarty. 

The senior geologists of English speaking peoples into 
whose youthful interests the inspiriting writings of this most 
unusual man profoundly entered, he has laid under a debt of 
gratitude. If it is less* the fashion in this day to read his 
writings, the younger generation of geologists is depriving 
itself of brilliant bits of geologic painting in wondrous setting. 
*A more alluring tale than that of Miller's early life and the 
achievements of his manhood is rarely written. Born 
amid the enchantments of sea and mountain, a child of the 
poor, an incorrigible truant at school because so devoted a 
lover of nature, the story of his early ambition to acquire a 
command of good English and of his delight in his pen, of his 
hardhanded labors as a stone-mason, apprentice and mastei 
(a calling which he selected because of the opportunity it 
afforded for studying in the evening hours), of his zealous ac- 
quisition of the products of the best English writers, and of 
his brilliant discoveries in geolog>', has been most charmingly 
and modestly told by himself. Miller's influence upon his 
own and the present generation is not to be ascribed to his 
actual contributions to the knowledge of geological facts, his 
Old Red sandstone fishes, hi s Lias fossils of Cromarty frith 

^'I^ writer hopes to orttnt to the Geological SoHetv of Amerjca. •titii 
•gt meetlncHT. eSJi^^^i^wlon ot the Lower Carbonlferow eerie, wifhi. 
«■• AppMlacbUn basin. 
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or the monograph on the Geo)og>- of the Bass Rock,but limdt 
more to the artistic -and graceful setting of these facts, and tlie 
philosophical discussions to which they gave hirth. He'acquiretl . 
art exquisite' diction which is sftll unapproached 'by any other 
English writer 6n geologic subjects, and this" was invigorated 
by A- l<^cal continuity and the intellectual rectitude and se- 
quentiality characteristic of his race. ■ " ' ' 

Scotsmen have a right to pride in the achievements -of 
their distinguished countr.-man and it is therefore with em- 
ment propriety that the people of his native town, Cromarty, 
r.ave. with the encouragement and support of many eminent 
names, undertaken to commemorate this looth anniversar}' of 
his binh by the erection of a permanent memorial to his work 
and worth. The letter following is frcwn (he secretary of the 
Hugh Miller Centenary Committee, and is addressed to one 
of the editors of the Geologist who, in response to the re- 
quest, has undertaken to act as the representative of this 
committee for the United States. 

My Dear Sir:— The readers of the Americas Geologist arc no 
doubt aware that, the present year being the centenary of the birth 
of Hugh Miller, an endeavour is being made to fittingly celebrate^his 
centenary. It is generally agreed that no more fitting memorial oi 
the c\*ent could be had than the erection in the littk town where he 
was born o( an institution where the many interesting geological and 
literary relics belonging to Miller may be rightly preserved. The 
"Hugh Miller Institute" will also be used as a free library, so that 
future generations may benefit b>- this memorial to our illustrious 
lownfiman. 

■ When, fifty years ago. Miller's splendid geological writings were 
launched upon the world, imwhere were they more eagerly received 
than in the United States, and Americans, I venture to say, have vied 
with Scotsmen in their admiration for the man who. beginning lite 
in i^iich humble circumstances, became a sort of inspiration to Eng- 
lish-speaking people. .... 

We may therefore, I think, safely bespeak the co-Ol>ention of 
.\nicricans in our endeavour to honor the mttmoiy. of Hu^ -.Ujller, >o 
that the intended memorial may be said lo be, not local, but represen- 
tative of his admirers throughout the world. The Centenar}' Commil- 
(ce feel assured you will be glad lo take durse of any sabscripti mt* 
that may be fiMihcoming for this piirpoie, I am At, 

J Bai«, Him. Se.'-i. 

Cromarty, 'ScMland.- March lo;* ' 
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Should this appeal touch a responsive chord in any read- 
ers of this magazine, subscriptions to any amount may be sent 
to John M. Clarke, State Hall, Albany, X. Y., by whom they 
will be forwarded to the treasurer of the local committee and 
acknowledgment thereof will be duly made. 



REVIEW OF RECENT GEOLOGICAI. 
LITERATURE. 



Acrothyra and Hyolitkcs — a comparison by G. F. M.^ttuew LL. D. 
ITrans. Roy. Soc. Can. 2 Ser. vol. vii. sec. iv, p. 93.] 

In this is described the genus of brachiopod, Acrothyra, an ancient 
type allied to Acrotreta and in eonneclion a comparison is made of 
this shell with those of the genus Hyolithes in which the ventral 
valve of the former is correlated with the conical shell of the latter, 
and the dorsal of the former with the operculnm of the latter. 

This comparison is carried into the muscular and circulatory sys- 
tems of each, and certain striking resemblances are shown in the 
arrangement of the muscles; but on the o'.her hand certain muscles 
of the inarticulate braehiopods are wanting in the Hyolithidse. 

Hyolithes sracilis and related forms from the Lover Camkrian of 
the Si, John Group. By G. F. M-atthe\¥, LL. D. [Trans. Roy, 
Soc. Can., 2 Ser., vol. vii, sec. iv, p. 109.] 

This article describes one of three related forms of Hyolithes of 
the Lower Cambrian which have been foitnd at St. John, (two are 
supposed to be varieties of the third) in different zones of ihe St. 
John group. They are compared with Orthotheca bcrmclim Kolm of 
the same part of the Cambrian in Sweden, from which they differ 
in having a more strongly arched dorsal lip — also to 0. tereliuscula 
linrt., from which they differ in the flattened dorsal side. A plate 
tccompanies the article, showing the three varieties of this sspccic — 
H. gracilii. 

■Hi-ard Step i« Palaeohotany. By G, F. M.mthew LL. D. 
[Trans. Roy. Soc. Can.. 2 Ser., vol. vii. sec. iv. p. 113]. 

he "St. John Plant Beds" Sir Wm. Dawson described many 
a flora containing a number of plants of genera unknown. 
By comparison with known Devonian genera he came to the con- 
dttsion that this flora was Devonian, and so described it. 

This determination has lately been called in question by Messrs, 

White and R. Kidslon. The former ha? found many of the 
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fomis in iht Pottsville conglomerate ftora-Millstone Grit; the l«tter 
finds in it many Coal Measure series. 

This article of Dr. Matthew's is written to show the stratigraph- 
ical objections to this view of the age of the "St. John plant beds," 
viz^ that (hey are of the age of the Millstone grit or the Coal Meat- 
Sections are given showing the relation of the plant beds to the 
overlying Mispec terrane and the Lower Carboniferous terrane, both 
of which underlie th« Millstone Grit, as thai term is used and under- 
stood in the maralime provinces' of Canada. 

Om de senglacial og postglacial nivaforandriger i Krittianiafellet (Mol- 
luskfaunan). Norges geologUkc nndersogcise. No. 31, pp. xii, I- 
731,, pis. i-xix, 1900-iQor. By W. C. Bhocgeb. 

The terminal moraines on both sides of the Christiania fiord were 
considered by De Ueer as indicating the lower limit of the last great 
ice sheet, but the results of the investigations by professor Brogger In 
this work show thai the land ice extended to the extreme boundary of 
the land mass in southern Norway, and even beyond this limit. 

Many new occurrences of the late and posl-glacial deposits are 
recorded, and accompanied by lists and illustrations of [he contained 
faunas. On the basis of their moHuscan fossils, these deposits arc 
classified into a number of divisions, indicating changes in level and 
climate. There was first a period of subsidence of the land after the 
niorainic period (ragtime), which is divisible into six stages. This 
was followed by a period of re-elevation divided into seven stages and 
reaching down (o the recent period. The climate during the latter 
part of the post-glacial uplift was somewhat warmer than at present. 
Brdgger agrees with Elkholm in his time estimate of 9000 years since 
the formation of the kitchen- middens of Denmark, or the beginning of 
the Littorina sea in the Baltic area. 

The succession of faunas and deposits is treated in great detail, and 
the whole work is an admirable example of exact methods of geologi- 
cal and faunal correlation. c. B. B. 

Catalogue of the Types and Figured Specimens in the Paleontological 
Collection of the Geological Department American Museum of 
Natural History. By R. P. Whitfield and E. O. Uovey. {Bull. 
American Museum of Nat. Hist.. Vol. XI, 500 pp., New York, 1901.) 
The recently issued part 4 of volume eleven completes the cata- 
logue bearing the title given. The volume forms one of the most ' 
important aids to the working paleontologist, that has been published 
in a long lime. It is a model of its kind. As an ex&mple of what can 
be done along this line it is well worthy of emulatxm bf cverj imutllM 
making pretensions to being a repository of descril- 
there is anything which a student of fossils needs above all else, it 
is certainly a record of the disposition of rjifi IliwIliMlii Hi> \ahon 
are incalculably lightened by such knowMM^^^rfj^AlMt for ftsAf 
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reference. Working paleontologists of all countries roust be under 
lasting obligations to Messrs. Whitfield and Hovey for their pains- 
taking efforts. 

The most notable collection of fossils which the Museum possesses ' 
is the famous series that was acquired through a long period of years 
by the late James Hall. "The principal feature of that collection is 
the large number of type and other illustrated specimens, especially of 
Paleozoic species, which it contains. This Hall collection may well be 
considered the standard reference collection for all workers in North 
American Paleozoic paleontology; hence the desirability, in the opin- 
ion of the senior author of this catalogue, who himself has been iden- 
tified with the collection for more than forty five years, of publishing 
a complete record of these valuable specimens. Other collections have 
been added to the department from time to time through exchange and 
other means, but with few exceptions they contain no types. Most of 
the 'figured specimens' in the series arc those which were identified, 
redescribed, illustrated and published by professor Hall in the early 
volumes of the Paleontology of JJew York,- and therefore have almost 
the dignity and value of types." 

Reference may be made to the February number of the Geologist for a 
tabular statement of the numerical summaries of type and figured 
specimens here catalogued, and for a definition of the term type as here 
employed. C. B. k, 

XoUs on Ihe Raised Coral reefs in the Islands of the Riukiu curve. S. 
YosHiwARA. (Jour. Coll. Sci., Imp. Univ. Tokyo, vol. 16, part I. 
pp. 14, 2 plates, 1901.) 
Geologic structure of the Riutiu iLoockmj) Curve, and its relation 
!■> the northern Part of Formosa. S. ^'asuiwara. (Jour. Coll. 
ScL.p Imp. Univ., Tokyo, vol. 16, pp. 67, plates and maps. 1901.) 

The RJuldu Curve, is commonly called, on European and American 
maps, the Loochoo group of islands, extending northeastward from 
Formosa. Since the acquirement of Taiwan (Formosa) by Japan, the 
Japanese have taken measures to survey and exauMne that island and 
the dependent islands intervening and surrounding. 

The raised reefs are more ancient than the recent reefs. They are 
homogeneous in structure and consist of a true coral formation, with 
interst ratified sandy layers rarely inclosed. The latter are found to- 
ward the north. The raised reefs are found P-nr- ten to 684 feet above 
the sea. The foundation of these reefs consists of Tertiary and 
Paleozoic sediments, as well as igneous rocks. They arc mostly later 
than the Tertiary and are horizontal, in contrast with the inclined beds 
rrn which they lie. They evidently have been raised from the rocky 

bollfim. or fringed the margins of islands. They are distinguished 

from the recent reefs by their position, structure and color, often 

forming terraces, while the recent reefs are seen fringing the shores 

SMpw tide, there being neither atolls nor barrier reefs amongst 
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The first knowledge of the natural history o£ the Riukiu con-e is 
due lo the American expedition under Commodore Perry, 1852-1854, 
in whose report is a sub-report by R. G. Jones, giving some geoiogical 
descriptions of the "island of Great Lew Chew." Later studies have 
been by Furet wlio regarded the formation, as indicated by fossils, as 
belonging- to the upper part of the Mesoioic. Ddderlein, in 1880, after 
two weeks' travel in the interior of the islands in the Oshima group, 
thought that the formation consisted of Archean rocks chiefly 
grannlyfi; an<l gneiss, Seiera! Japanese geologists have more recently 
reported on some parts of this "curve," and on the geology of the 
northern part of Taiwan. 

In general, the author has concluded that these islands consist 
chiefly of Paleozoic rocks having a steady dip northwestward, toward 
the China sea. They rise sometimes over i,sco feet above the sea. 
Westward from the axis of the curve is a scries of volcanic islands, 
located as supposed, along a great fissure, which seems to extend a 
great distance further southwest, while eastward frcun the axis is 
found an outer sedimentary zone made up of Tertiary sediments, the 
older portion of which is toward the south. These parts are called the 
"inner neovolcanic belt," the ■'median Paleozoic belt." and the "outer 
'lertiary belt." These, according to Prof. Koto, coincide with those 
in the peninsula of Malaca. the Andaman isles, and the Nicobar isles 
in tie Indian ocean, wiih the Banda isles in the East Indies, and with 
the Lesser .Xntilles in the West Indies. 

This paper consists of a summary statement of results. Its weak- 
est feature is that it gives none of (he paleontological data on which 
was based the determination of the age of the Paleozoic rocks. It Is, 
however, a very valuable contribution to the geology of the Japanese 
empire. N. h. w. 

Tlic Journal of Geography, formed by the consolidation of two 
geographical journals, was started in January. It is published by J. 
L, Hammeti & Co.. { Phi lad el phi a. '>. "Subscriptions and advertisements 
should be sent lo the Journal of Geography. 41 'North Queen street 
Lancaster. Pa.; 41-45 East iQlh street. New York, or I16-120 Summer 
street. Boston. Mass. The editors are Prof, R. E. Dodge. Columbia 
University. New York City; J. Paul Goode. University of Pennsyl- 
vania, and K. M. Lehnreta, Stale Norm.il School. Winona, Minne- 
sota. Copyrighted hy E. M. Lehnerts. n. h. W 

Records of the I'asl. is another new scientific journal, started with 
January, igo2. It is issued from Washington, under the auspices of 
the Records of the Past E.\ploration Society, 214 Third St., S. E.. and 
ii edited by Rev. Henrj- M. Bauni. assisted by Frederick B. Wright. 
It is [irofu-ely and excellently illustrated. Annual subscription, $2.00; 
i-'i^ucd monthly I three years, $5,00 in advance. n. b. w 

ll'.'iid.-rhiid ,7002. This publication which appears yearlK^ 
M'li'd III ilii- iiririhivc<tcrn cnuniry tributary tn the ]~ 
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railway. It describes the early mining and attempts at mining in 
Montana, mentions many stirring incidents of early discovery and set- 
tlement, illustrated by many scenes of natural topography and erosion, 
mountains, valleys and gorges. Its excellent and numerous half-tones 
are in the best style and the typography and printing are without blem- 
ish. It also embraces short descriptions of the Yellowstone Park and 
of the Puget Sound country. Its author is O. D. Wheeler. It is 
printed for general distribution, and can be obtained by sending six 
cents in postage stamps to C. S. Fee, St. Paul, gfiving address. 

N. H. w 

The Chronological Distribution of the Elasmohranchs by O. P. Hay, 
{Am, Phil. Trans, vol. 20), 

In a paper in Science for 1899 tbe author published a diagram which 
was intended to illustrate the chronological distribution of the fossil 
fishes of North America. The present paper is an elaboration of the 
same subject, in a consideration of the single group — the sharks — in both 
North America and Europe. The results show that the gn'oup under- 
went two culminations, one in Sub-Carboniferous, the other in early 
Mesozoic time, and that although there were slight variations in number 
in the two localities, as a general rule the rise and decline of the group 
was contemporaneous in Europe and America. At the close of the 
Permian there was an almost complete extinction in both localities. 
From the Miocene to the present there has been a decline. Dr. Hay 
plots these facts upon a curve. The curve can be taken as relatively 
accurate only, since no account is taken of the varying conditions of 
fossilization prevailing in these different ages. The sharks, being 
pre-eminently cartilaginous, are particularly in need of the best con- 
ditions of fossilization. 

A consideration of the various families of elasmohranchs brings 
out some interesting facts. Starting with the generalized stem of 
which Cladoselache is the nearest known representative, various branch- 
es were given off which culminated in the adaptive forms of the Sub- 
carboniferous. The second culmination is conclusively shown not to 
be a return of these same specialized forms, but is a second radiation 
from a generalized stem. Only one family survived the break between 
Palaeozoic and post-Palacozic time. This is the family represented 
by Cestracion, the present Port Jackson shark, and this family can be 
traced back to the Devonian, and represents an outgrowth of the 
Cladoselachian line and hence the stem line of both radiations. 

These facts are most interesting, and Dr. Hay is to be congratu- 
lated upon the careful work he is doing. He offers no explanation 
of the facts beyond a rather unsatisfactory suggestion of a loss in 
vital force from over specialization as a cause of the Permian extinction. 
Since the development of the family took place for the most part in 
continental seas which were uplifted and became dry land with the Ap- 
palachian revolution, it hardly seems surprising that highly specialized 
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forms should not survive. Moreover the modern sharks are highly de- 
veloped in their mode of protecting their eggs, and it is quite possible 
that there was some weak spot in the ontogeny of the early sharks 
which led to their extinction. i. h o. 

TAe Geology of the Northeast Coast of Labrador, Reginald A. Daly 
(Bull. Mus. Comp. Zool., vol. 38, Geol. Scr. vol. 5, No. 5, pp. 203-270, 
pis. 1-13, February, 1902.) 

This admirable description is based on a cruise made in the sum- 
mer of 1900 by a party organized by Mr. Huntington Adams, 
in a forty-ton schooner. The party embraced:, besides the author 
and a crew of four men. Messrs. H. B. Bigelow, L. B. McCormick 
and H. W. Palmer. Owing to head winds and drift ice the objective 
point of the expedition was not reached till Aug. 21, and but two 
weeks could be given to exploration, as the homeward journey to 
St. John's, on the island of Newfoundland, had to commence. Many 
of the points at which the ship was delayed on the outward trip were 
subjected to hurried reconnoissance, and these were fruitful in in- 
teresting observations. 

Without mentioning here any other important results of this 
cruise, it will suffice to call attention to Mr. Daly's observations on 
the limit of highest post-glacial submergence. A curve is constructed 
to show the relation of the present warped highest shore line to the 
sea level. It is hig'hest at St. John's, Newfoundland, viz: 575 feet. 
It descends northward to Gready bay to 260 feet, just south of Ham- 
ilton inJct. It rises to Hopcdale to 390 feet, and descends to Nack- 
vak bay to 250 feet, the extreme points being eleven hundred miles 
separate, along the Atlantic coast. Dr. Daly says: "Tliis pronounced 
warping is inconsistent with the view tliat changes in the position 
of the level of the sea over great stretches of the earth's surface are 
produced solely by independent vertical movements of the surface 
of the ocean. Along the line on which our observations were made 
there has been unequal positive uplift of the earth's crust. The force 
responsible for this great piece of work has been applied locally 
and in varying degree. Tlie result is that today the actual distance 
from the centre of the earth of every point on t^^at line is greater 
than it was at the close of the glacial period." 

Comparing t'his result with others reached by Low and by Dc 
Geer as to the region east and southeast of James bay and south- 
ward from Newfoundland, one is led to the conclusion, as remarked 
by the author, that the greatest elevation of the American continent 
in post Glacial time has beeai experienced in the region of the cen- 
tral neve; and that the comparatively greater uplift of the region 
of Newfoundland is connected with the local c'liarqcter of its glacia- 
tion which, according to Chamberlin. was not due to an extension of 
the ice-fields of the mainland. ^, h. w. 
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A SKETCH OF THE HISTORICAL GEOLOGY OF 
ESMERALDA COUNTY, NEVADA. 

By H. W. TuRNBR, San Francisco, Cal. 
PLATE XVTI. 

The following sketch embodies a brief statement of the rc- 
siihs of a thorough examination of a small area about the 
Silver Peak range and a general reconnaissance of Esmeralda 
county, ^^outh of Walker lake. 

GEOGRAPHY. 

Esmeralda county forms a portion of south-western Xe 
vada, and lies wholly in the Great Basin, the drainage of 
which finds no outlet to the sea. The area here treated lies 
chiefly between parallels 38** and 37** north latitude, covering 
about 9,000 square miles. 

At the north end of the countv at the west of Walker lake 
is the Wassuck range, the highest point of which. Mt. Grant 
attains an altitude of 11,247 f^^^- T'urther to the south is the 
majestic Inyo range, culminating in White mountain which is 
14,200 feet in hight, but only the eastern flanks of the north 
end of this rimge are within the limits of the county. The 
Silver Peak range attains an altitude of 9,500 feet, Lone moun- 
tain. 9,510 feet, and a high range in the south end of the 
county known as the Grape Vine mountains also reaches a 
considerable elevation. 

Taken as a whole, the region is extremely arid and is 
characterized by a sparse vegetation except along the tops of 
the highest ridges. The ranges in general have a north-south 
trend, and are separated by wide valleys which often contain 
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playas or dry beds of lakes over which a thin sheet of water 
frequently spreads after a rain. 

In former times, a lar^e part of the Great basin was occu- 
pied l)y lakes of which the present lakes such as Great 
Salt lake. Pyramid lake and Walker lake arc merely residuals. 
It is, therefore, certain that in the past the climate of the reg- 
ion was much more humid than it is at present. This is well 
exemplified in Esmeralda county. In Miocene time, the area 
now covered by Clayton valley, the south end of Big Smoky 
valley, the north part of Silver Peak range and Columbus 
valley was the basin of a fresh-water lake, a description ot 
which may be found in the 2ist Annual Report of the United 
States Geological Survey.* 

In later time a Pleistocene lake covered much of north- 
ern and western Nevada. This is known as I^ke Lahontan,t 
and a south arm of this lake extended into Esmeralda county, 
covering the basin of \\'alker lake. The terraces of this an 
cient lake may be plainly seen on the west side of Walker lake 
at the base of the Wassuck rangj!. The latter is now about 25 
miles long and 4 and 5-10 miles wide. Formerly it extended 
south to the east of Hawthorne, at one point being only about 
half a mile from the present town site. 

Geology. 

In no part of the world can geological field work be done to 
better advantage than in the Great Basin. Except in those areas 
* which are to be sure very extensive, that are covered with 
I'Icistocene and Recent deposits, the rocks are almost every- 
where finely exposed, there being no soil or a very thin soil. 
In the western ])art of the Great Basin there are representa- 
tives of a large i)ortion of the sedimentary series from the 
oldest Cambrian to the Recent. It is even possible that Ar- 
chcan rocks exist here. Perhai)s the greatest break in the ser- 
ies is in Cretaceous time, sediments of this period being thus 
far \uA rei)orted. Beds of marine origin later than the Juras- 
sic are unknown in western Nevada, so that it is probable that 
this jxirt of the Great I^>asin has been a land mass smce the 

♦ The Bsmeralda formation, a iresh-watcr lake deposit by H. W. Turner, 
with a description of the fossil plants by F. H. Knowlton. and of a fossil fish, 
by F. A. Lucas. Twenty-first Ann. Report, U. S. Gcol. Survey, pt. ii. pp. 191- 
226, pis. 24.-31. 

t For a more extended account of this lake sec I. C. Russell, 3rd Annual 
Report, r S. Gcolof^icnl Survey, 188M, aud Monograph xi, 1885. 
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close of the Jurassic. In the line of igneous rocks, there is a 
great variety, granite, syenyte, monzonyte, dior>'te, diabase, 
gabbro, rhyolyte, dacyte, andesyte and basalt being found in 
abundance. 

The following formations have been identified in Esmeral- 
da county. Some of these will be described in detail under the 
various mining districts in which they occur. 

The Archean Era. 

The oldest rocks of North America are the gneisses and 
schists of the Lake Superior region. These are known to be 
of pre-Cambrian age, and are called typical Archean rocks. 
1 hey are regarded as forming a portion of the primeval crust 
of the globe. In the western United States. Archean rocks 
have been described at many points, but later investigations 
tend to show that some of these areas are of Paleozoic age 
The most certain criterion for the Archean is that of the ix)si- 
tion below the oldest fossiliferous rocks with an unconformity 
between. 

In the Silver Peak range, underlying Lower Cambrian sed- 
iments, is a complex, the oldest members of which are certain 
gneisses. One of these is a granite-gneiss. Another gneiss 
contains quartz, with both orthoclase and soda-lime feldspar, 
thus approximating to a (|uartz-monzonyte in compasition. It 
may l)e called a quartz-monzonyte-gneiss. In addition there 
arc granite-augen-schists, and also a series of calcareous 
schists, the origin of which is uncertain. These calcareous 
schists are remarkable for the great number of nodules (augen) 
and streaks of granite which they contain. They usually weath- 
er a (lark brown color, strongly resembling an impure limestone 
on the exposed surfaces, yet thin sections of the rock always 
show that it contains much ground up granitic material, as if 
it had been formed by the shearing of a granite, the calcareous 
material possibly having been supplied from other sources by 
infiltration. 

A distinctly later member of the complex is a coarse, white 
granite, sometimes containing niuscovite or white mica, more 
often containing little or no mica. At some points it grades 
cucr into syenyte by the loss of quartz. This granite is intrud- 
ed into the calcareous schists, above described at innumerable 
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points. Althoug^h a part of the complex, this white granite is 
regarded as later than the overlying dolomyte for it appears to 
be intrusive in it. Coarse white pcgmatyte dikes cut all the 
rocks of the complex. They are probably genetically related 
to the white-granite. 

The Algonkian Era. 

Mr. C. D. Walcott has established a lower limit for the 
Cambrian rocks, which if applied in this district will place 
some of the dolomytes and quartzytes of the Silver Peak quad- 
rangle in the Algonkian. He writes: *"At present I draw the 
basal line of the Cambrian in Utah and Nevada at the bottom 
of the arenaceous shale carrying the Olenellus fauna. Thib 
refers to the quartzyte and siliceous shales of the Wasatch and 
similar sections, including that of the Eureka district, and that 
of the Highland range of Nevada, to the Algonkian Period 
(Era)." On this basis, the dolomyte, quartzyte and the green 
knotted schists, underlying the Olencllus zone, north of the 
Clayton valley, must be called of Algonkian age. This might 
?.pply as well to some of the quartzyte and quartz-schist im- 
mediately west of the village of Silver Peak, and to the basal 
dolomyte generally of the Mineral Ridge, as well to some sim- 
ilar rocks, south of Cow Camp. 

The Paleozoic Era. 

Lower Cafnbrian. In the mountains north of Clayton val- 
lev and in those to the south-east crossed by the road from 
Silver Peak to Lida valley, and also in the Silver Peak range. 
Lower Cambrian rocks form large areas. The section north of 
Clavton valley shows at the base, a massive dolomyte, next 
a massive green quartzyte, both barren of fossils, with over- 
lying knotted schists, then Archeocyathus limestone and green 
Olencllus slate with dark limestone and some quartzyte ana 
thin bedded slate near the top of the series, the general dip 
of which is here to the east. 

Along Barrel Spring ravine by the side of the Lida road, 
an even better section may be seen. Here the nKks dip south- 
east for a distance of two miles, at an average angle of 25 
degrees. Fossils are found in nearly all parts of this section 
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those nearest the base being large forms of Olenellus with 
some smaller species. The rock forming this lowest Olenel- 
lus zone is a dark micaceous slate. Higher up are layers of 
dark limestone with some quartzyte, the limestone being often 
crowded with little orbicular bodies, somewhat resembling 
Siromaiopora, but which are not certainly of organic origin. 
Then comes a second Olenellus zone, composed of green 
slate, again succeeded by fossiliferous limestone. 

In the Silver Peak range the basal dolomyte, and quartzyte 
if present, does not show such a great thickness* as elsewhere. 
The basal member of the Lower Cambrian here is at most 
points a dolomyte, resting directly on the basement complex, 
hut this dolomyte may not correspond to the basal dolomyte of 
the section north of Clayton valley. 

Upper Cambrian, Lying unconformably on the Lower 
Cambrian or Silver Peak formation, is a series of thin bedded 
limestones, and reddish slates with some layers of black chert. 
This series may be designated 'The Emigrant formation' 
since it is finely developed to the south of Emigrant Pass in 
the northern part of the Silver Peak range. In tliis formation 
are abundant little disk-shaped shells, (linguloids) fragments 
of j)hyllopods (Phyllocarida), and some corals and trilobites. 
The shells are in an excellent state of preservation. These 
fossils are regarded by Mr. C. D. Walcott as indicating an 
T'ppcr Cambrian age.* They appear to conformably underlie 
the cherts and slates of the Palmetto formation which is chief- 
ly characterized by graptolite remains. Moreover, the phyllo- 
pods. so common in the Upper Cambrian, are found imbedded 
with slate containing graptolites at the base of the Palmetto 
frirm.it ion, ;md the little disk-shaped shells (linguloids) were 
found in the slate but a few feet under the graptolite slate with 
no evident unconformity, so that there appears to be no sharp 
line of separation between the Emigrant formation of Upper 
Cambrian, and the Palmetto formation forming the base of the 
Ordovician. 

Ordovician. At many points in the Silver Peak range, in 
the I 'almetto mountains, in the ranges north of Clayton valley, 

* In m J paper on the Esmeralda formation in the American Gboi.ogi«t. 
Vol. XXV. 1900. and in the 21st Annual Report of the U. S. Geol. Survey, thia 
series of rocks is said to be of Middle Cambrian affc. Later inveatifcation 
based on more material has conrinced Mr. Walcott. that ttaej are of Upper 
Cambrian aj^e. 
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and in the hills north of Chilcoot pass on the road from Sil- 
ver Peak to South Klondyke, there arc dark thin bedded cherts 
with layers of gray graptolite slates, and smaller amounts 
of reddish slates, and an occasional limestone layer. Tlie most 
abundant and characteristic fossils of this formation, are the 
graptolites found :n the gray slate«. 

The collection of graptolites was examined by Mr. Chas. 
Scliuchert who states that there are two horizons represented, 
one. the Xormanskill or Lower Trentonian, and the other the 
Quebec horizon. Nearly all of the graptolites, however, belong 
to the Norrnanskill zone. In the Quebec horizon, Mr. Schu- 
chert found two characteristic genera, Didymograptus and Tct- 
ragidptus. 

In the Palmetto mountains and at some other points there 
are very numerous streaks of light colored felsitic rocks, in- 
terbedded with the dark cherts of the Nonnanskill zone. In 
certain cases similar looking streaks are metamorphosed into 
garnet rocks. The microscope shows that these felsitic layers 
lepresent altered :hyolitic or dacitic tuflfs and lavas, but the 
nature of the layers which have given rise to garnet rocks, 
is not yet clear, for it is evident that acid rocks, having the 
composition of rhyolytes and dacytes, could not be altered into 
garnet rocks without an addition of a large amount of lime. 
These interbedded lavas afford certain evidence that in Ordo- 
vician time there were volcanic eruptions in the region. 

Carho'.ijcrous. South-east of Candelaria by the Columbus 
trail are sandstones and slate with chertv lavers. No study was 
n;ade of the tonnation. Fossils were collected at a point about 
3 n tiles north-west c f Columbus, at an elevation of about 4,- 
90^) ftct. 'j'hc fossils were first found by William Grozenger 
of Columbus. 'Ihey arc in part spirifers, and are referred h\ 
Mr. Chas. Schuchcrt to the Carboniferous perio<i. • 

Mr. Schuchert writes — "Both forms are specifically unde- 
termined at present. The spirifer (apparently a new species) 
belongs to the S. cameratus section, fossils recognized as char- 
acteristic of the U])per Carbonic. The Productus is appar- 
ently identical with one from the region north of Mt. Sliasta 
in California, also associated with Upper Carbonic species. 
These forms remind one more of the fauna found in the Shasta 
region than the fauna of a siniilto iBJarther ^ast.'' 
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The Mesozolc Era. 

Jurassic. The I'ilot moun- 
tains are composed of sedi- 
ments which on the western 
side dip rather evenly to the 
south-east ntanglesof 40°-70° 
degrees. As seen tn Diinlap 
Canyon at the north base of 
the mountains, the rocks 
lowest down in the scries are 
sedimentary breccias, com- 
posed of angular (ratjments 
of cherty rocks, cemented by 
finer material, then succes- 
sively limestone with fossils. 
shale, limestone and shale. 
Still higher lie, the thin bed- 
ded chert layers in which the 
Pacific copper mine lode is 
located. The fossils found in 
the lower limestone were re- 
lerred to Prof. J. 1*. Smith of 
Stanford University, who de- 
termined the following fos- 
sils: 

Cillaris. sp. imdct. 
I'cri'liratiila. sp. uadct. 
Spirifrrina. sji, und« 
I'L'iilacrinlt'. *p- laiaK. 
KiiKMlium cf. mtia iTjer-. 
These apjxar !<■ =sc5cate 
a lower Jurasrac ace 
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marls containing the remains of fish, fresh water Mollusca, 
and leaves of deciduous trees like the oak and fig. as well 
as tree trunks, six feet in diameter, and also abundant ferns 
and marsh grasses. 

The evidence as to the flowing streams is rather a logical 
clcduction from the lakes, than direct evidence obtained from 
old river deposits; although such deposits exist in minor 
amount. In all regions of sufficient precipitation to support 
lakes there are of course always flowing streams. The 
evidence of the former existence of large volcanoes, is the vast 
amount of volcanic material in many of the ranges. The 
craters of these^Tertiary volcanoes, however, have long since 
been worn away. There arc, to be sure, finely preserved cra- 
ters within the county, but these are clearly of Pleistocene age. 

Tertiary Luke Beds. h\ other publications* there has been 
described a series of lake beds well exposed in Clayton valley, 
in the south end of Big Sincky valley, at the north base of the 
Silver Peak range and elsewhere. The bed« consist chiefly ot 
sandstone, buff colored shaie and slate, often somewhat flinty,, 
and soft lake beds or lacustral marls. There are local devel- 
opments of cf)n<::lonicrates and breccias on a large scale. Near 
the north base of the Silver Peak range there are workable coal 
seams. These contain fresh water shells, and fish and plant 
remains. According to Dr. J. C. Merriam of the University 
of California, and Prof. F. H. Knowlton of the U. S. Geologi- 
cal Survey these foesils indicate a middle Tertiary age; but 
since the fossils came chiefly from near the base of the beds, 
and since the series is a thick one, nearly all Miocene and 
Pliocene time may be represented. There are thin buff col- 
ored shales similar lo ihe sh.ales of the lake beds referred to 
{ tLsrneralda fonnalion) in a basin north-west of the Pilot 
mountains between Summit Springs and Crow Springs. 

There are lake beds cc^nia-iiing abundant fossils, four miles 
west of r>lack Springs near the line between Esmeralda and 
Nyo counties by the road from Sodaville to Cloverdale. A 
block of this material was obtained from Robert Stewart of 
Sodaville. It was made up chiefly of fresh water shells, ce- 
mented by minute shells /csiracods). The fresh water shells 

•Am. Gbologibt. Vol. XX V. 1800. p. 168. and the paper on the Bsmer- 
ald* Formation in the 21st Ann. rep. of the U. S. Geol. Survey. 
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were examined by Dr. J. C. ^ferriam who identified Sphaerium 
sp. similar but not Kleniical w ith 5. idahoense from Fossil hill, 
Kaw^ash mountains, Nevada ; Melania sp. ( ?) and Carinfcx, 
two "Species, like forms from Fossil hill. The Fossil hill forms 
have been icjjarded as Miocene, but Dr. Merriam does not 
consider the material jufl/citnc to definitely determine the age. 
He states that they are unlike Pleistocene forms, and are also 
unlike the forms that are lound in the Esmeralda formation. 

There are also said to be fossil beds in the vallev near Soda- 
villc. 

The ostracods were lef erred to Dr. R. H. Chapman, who 
states that some of the sp'jri *:•.*> are new\ He identified the 
following genera : 

1. Ilyocypris sp. nov., near /. gibha but distinct in important points. 

2. Candona sp. near C. kingsleyi. 

3. Candona sp. probably new. 

4. Candona sp. probably new. 

The Quaternary Era. 

Pleistocene. In this period there is here included all of 
geologic time from the close of the Pliocene to the Recent or 
Human period. The dqxjsits of the Pleistocene age of Esmer- 
alda county may be considered under two heads, desert detri- 
tus, and lake terraces. 

There is nothing so striking in the Great Basin region as 
the numerous detrital slopes which spread out from all the 
canyons and fill extensive portions of the valleys. Consid- 
ering the very small precipitation in this region, the fonna- 
tion of these numerous alluvial fans would seem to involve a 
very long period of time. They are composed chiefly of coarse 
iiiatcrinl, often coniainmg l.».)u?ders tons in weight. Where 
the older detrital fans are cut by the present water courses, 
the stratified .'trran^'emcnt of these materials is clearlv evident, 
(see Plate XVII — A.) and lliere can be no doubt that they 
arc due to the action of ^vater. A consideration of the manner 
in which rain falls in all this desert country suffices to explain 
the formation of these detrital slopes, for, although the pre- 
ci[ itation is very small w^hen Ihe region as a whole is consid 
ercd, it is often very great v.ithin the space of a few hours over 
a limited number of square miles. The action of the sun and 
frost on the rocks of this very dry region results in the surface 
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recks being everywhere ll«oioi'ghly cracked up, and the frag- 
ments ahhough about in their original position are easily dis- 
placed. When a doLulburst o(curs, the rain runs off in tor- 
rents, and sweeps before u liirge quantities of this fractured 
material and wlien the clondbuists are of sufficient size, they 
will carry boulders nian>- tons in weight far out on to the 
plains. There is, thcrolorc, no difficulty in accounting for the 
formation of the alluvial fans, but the time that must be allotted 
to the formation if we suj)];Ose the precipitation to have been 
no greater in the early PIcir.*ccene than at present, would be 
enormous. It is quite certain, however, that in earlier Pleisto- 
cene time, the precii)ilatioti was much greater than at present. 
It is probable, therefore, that the larger part of these detrital 
slopes were formed duriilg the first half of the Pleistocene. 
This would harmonize with the record in the Sierra Nevada* 
where the larger part of Pleistocene time was required for the 
excavation of the canyons. This early Pleistocene period of 
erosion may be termed tlie Sierran period, and the larger de- 
trital slopes of the Great Basin would then be referable to this 
period. The detrital fans of the early Pleistocene often attain 
a tluckncss of 200 feet or more, as in the "wash" on the west 
side of the Silver Peak range which is followed by the road from 
Fish Lake valley to Cave Springs. The older detritus has 
undergone elevation at many points, as can be seen on the west 
side of Fish Lake valley, along the base of White mountain, 
and on the west of the Silver Peak range, particularly to the 
north of Fish lake— Silver Peak road, there being here hills 
1.000 feet in elevation j'.bove the valley composed chiefly of 
beds of Pleistocene gravel and detritus, which have been tilted,, 
while the detrital beds south of this road have merely under- 
gone elevation. There arc detrital masses high up in some of 
the ranges, as on the north slope of the Palmetto mountains 
on the south .^lope of the Pilot mountains, and in Chilcoot pass 
by the road from Silver Peak to the South Klondyke quartz 
mine. These detrital masses must have originally occupied de- 
pressions, and suggest recent elevation of the ranges on whose 
fianks they lie. 

To llic early or middle Pleistocene must be relegated the 
lake Lal;0!jlan terraces (/ ihe north part of the county, best 
seen on tlie west iide cf Walker lake. 
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The Recent or /luuiau Period. The deposits subsequent 
to'tlie Pleistocene whicli may be considered as having fomied 
in recent times, are the playas or dry lake beds, and the most 
recent of the dctrital Ian material. l^>eds of dry lakes or playas 
occupy the lowest jA^^rtion of nearly all of the valleys in the 
county. Many of them contain valuable deposits of various 
salts. The playas of Teels marsh, Rhodes marsh, and the play- 
as of Columbus and Fish Lake vallevs, have been extensively 
worked for borax which is 'Still being produced from the last 
•three localities. The playa of Big Smoky valley, locally known 
as the San Antonio marsh, shows a thin coating of an efflor- 
escence which consists largely of chloride of sodium, and the 
Clayton valley playa shows a thick white coating of choridc of 
sodium over nianv rfiuare miles. 

During the Recent or Human period many of the older 
alluvial fans have undergone elevation, and the waters of sub- 
sequent time have cut "washes'* in them and spread the mater- 
ials out in the form of alluvial fans, but at lower altitudes than 
the older alluvial fans. These newer detrital materials are 
constantly being added to, the fresh material being distinguish- 
able from the older by its lighter color. 

At ihe south cnn of the Clavton vallev is a considerable 
£;;roup of liills. compobed entirely of wind-blown sand. This is 
said to contain a small amount of gold distributed through it. 
These dunes appear to have been fonned in an eddy in the air 
currents, which S'.em permanently to exist at this point. They 
shift alKait from xcar to vear to a certain extent, but on the 
whole reniain essentially at their present location. In some 
other valleys there are also sand-dunes. 

Structural Geology 

It has long been held that many of the Rasin ranges owe 
their origin to uplifts along normal faults, the valleys repre- 
senting subsided areas. The evidence obtained by myself in 
tlic course of the field work confinns this view. Some of the 
steep slo])es seem to represent ancient fault scarps, the origin- 
al fault surfaces I.eing i-.ow largely removed by erosion. The 
val!o\s are in jr^rt certainly true rock basins, whose rims arr 
composed of rocks older than the desert detritus. Tt seems 
ajyparent that the cnly way that such valleys can form is by sul)- 
sidence. Although along the steep slopes which are here attrib- 
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« 
iited to faulting, definite evidence of displacement is not al- 

\va\s discernible, it may be said that this is plainly because 
of the fault surfaces having been eroded. Moreover, definite 
evidence c:<isti» at some points. For instance the steep north 
slope of the Silver Peak range is ascribed to faulting and along 
the north base of the range the lake beds of the Esmeralda for- 
mation are crumpled and broken and at some points stand on 
edge, while a few hundred feet away they dip rather evenly 
to the north and north-east at angles of 20 degrees to 35 de- 
grees. A basalt dike for a short distance follows this E. — W. 
fault. 

The I'almetto mountains likewise appear to have been ele- 
vated along an IC. — \V. fault line, and along this line are sev- 
eral stro^ig springs, and a dike of rhyolyte with an E. — W. 
course seems to iiLve intruded along this fault zone. 

Suialler faults of the normal type are extremely abun- 
dant, and can be plainly seen at nearly all points where the 
rocks are arranged in layers, as in the rhyolitic tuffs, and in 
the slates and sand«ifones of the Esmeralda fonnation. In the 
more massive igneous rocks as well, such faults are some- 
times apparent as in andesytc north-west of Cow Camp, the 
original groovings of the fault wall being still preserved as is 
shewn on J^late XVII — B. 

Direction of the faults. In general it may be stated that 
many of the faults irend either N. — S. or E. — W. 

Time of faulting. There is evidence that some of the Pal- 
eozoic beds were folded and displaced before the period of nor- 
mal faulting. These earlier disturbances perhaps occurred at 
the time of the intrusion of the granolytes. Much of the nor- 
mal faulting, however, appears to date from the close of the 
Tertiary. E*. identiy, for example, the displacement along the 
north face of the Silver Peak range must have occurred after 
the deposition of the Tertiary lake beds for they are involved 
in this disturbance. Probably faulting occurred well into Pleis- 
tocene time for the detrital materials of the earlv Pleistocene 
along the cast base of White mountain on the west side of 
Fish Lake valley, appear to have been rather sharply uplifted 
along a X. — S. line. This fault line cuts across the older de- 
trital fans leaving scarps facing the valley. Other evidences 
of the uplift of the Pleistocene materials have already been 
noted under the head of "Pleistocene." 
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SOME CRYSTALLINE ROCKS OF SOUTHERN 

CALIFORNIA. 

By Oscar H. Hesshby, Berkeley, California. 

Introduction. 

The oldei cr>'S:talline rocks of the state of California have 
not received the attention which they deserve. Through the 
nu^chievous influence of early studies on metamorphism in 
the Coast Ranges, the idea has gone abroad that virtually all 
of the highly crystalline schists west of the summit of the 
Sierra Nevada range represent zones of contact metamor- 
phism in strata ranging m age from Devonian to early Cre- 
taceous. Walcott and Turner have demonstrated that in east- 
ern California, in Inyo county, there is a lower Cambrian ser- 
ies of quartzytes, limestones, slates and shales resting uncon- 
fonnally upon an old complex of gneiss, schist and granite; 
but the idea has not until quite recently been seriousl}^ enter- 
tained that the same pre-Cambrian series intruded by a Meso- 
zoic granite underlies and forms the foundation of much of 
the country wcft of a line drawn along the axis of the great 
valley of California and thence prolonged southeastward to the 
gulf of California. 

This subject of the older rocks is of special interest to the 
present writer. In the firld of California it is in its infancy. 
Presently general interest in it will be aroused and an effort 
will be made to bring into some systematic arrangement 'the 
fragments of knowledge of the supposed pre-Cambrian rocks 
which we now possess and which will be rapidly extended. 
Students will no longer assume that a given outcrop of schist 
represents strata no older than the Paleozoic, for no other 
reason thah a conviction that metamorphism in California 
is no indicator of age. Doubtless in the early stages of this 
in,'|.nry iliere will be many errors made and much confusion. 
The history of the investigation of the pre-Cambrian rocks 
of the Lake Superior region will be repeated with interesting 
variations. Not having as a basis, the precision of paleontol- 
ogical evidence, but being dependent entirely upon structure 
studies, it is probable that at times entire series will be reversed 
in chronological order. 
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The special purpose of this paper is to show some of the in- 
teresting problems presented by the older crystalline rocks of 
southern (.'alifornia and to make a beginning in their classi- 
fication, although the latter will be only tentative. During 
the past winter the writer had the opportunity of examining 
in a reconnaissance manner, the Fraser Mountain and Sierra 
Pelona regions, and portions of the Tehachapai, Sierra Madre 
and San Bernardino ranges, together with quite an extended 
section of Mohave desert, all comprised in the counties of 
Los Angeles, \^cntura, Kern and San Bernardino. A special 
search was instituted for an equivalent of the Klamath schist 
series and the reader may judge from the following pages 
what success attended this effort. 

Structurally, that portion of southern California which lies 
between Mohave desert and the sea, is a succession of roughly 
rectangular orographic blocks bounded by faults. Some of 
these blocks have been greatly elevated and the soft sediments 
eroded from off the crystalline complex, while others have 
been profoundly depressed and in them the older rocks. arc 
buried under a vast thickness of Cretaceous and Tertiarv sed- 
imcnls. 

The diflferent members of the crystalline rocks discriminat- 
ed will be discussed under the following headings : 

1. The Pelona Schist Series. 

2. The Gneiss Series. 

3. The Rocks of Fraser Mountain and Vicinity. 

4. The Mesozoic Granites. 

5. The Ravenna Plutonic Scries. 

6. The Gneiss near l)arstow. 

7. The Quartzyte-Limestone Series of Oro Grande. 

8. The Schists in Cajon Pass. 

Thk Pklox.\ Schist Series. 

The eastern portion of the valley of the Santa Clara river, 
in Los Angeles county, is bounded on the north by a prominent 
ridge. l<nown as ilic Sierra Pelona. Tt reaches an altitude of 
5000 feet and has a comparatively even crest-line and narrow 
but roimdcd summit. It is a single narrow fault-l)lock, elevat- 
ed at tlic close of the ] Miocene iKTiod and tilted steeply to the 
south. The entire ridge from Deadman\s canon on the west 
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to its termination eastward where it approaches Antelope val- 
ley, a distance of about 20 miles and with an average width 
of about 4 miles, is composed of a single series of schists, 
mostly mica schists. There are no granite intrusives and few 
dikes of any kind. Strikes and dips are locally varied, but as 
a whole the strike seems to be prevailingly east-west and the 
general dip northerly at angles of 10 to 40 degrees, averaging 
between 20 and 30 degrees. Going up the mountain on the 
south side, due north from the Mitchell ranch in Mint canon, 
the following succession was made out : 

1 . The lower slopes, in places extending up two-thirds of the 
way, arc composed of a unifomily light yellowish, coarse, 
granular mica schist of muscovite and quartz. The mica is less 
abundant than in a typical mica-schist and the general appear- 
ance of the rock suggests an approach to the gneissic structure, 
although it is certainly a diflferent formation than the gneisses 
on the south. The estimated exposed thickness is 2000 feet.'; 
It seems in general to dip into the mountain and to pass under 
the darker schists of the summit, which it grades into by inter- 
stratification. 

2. A n*:<)r»: varied and more typically schistose series of mica 
schists of a prevailingly dark color, much being a dark lead- 
gray, which may be nearly black underground. These schists 
are coarse and granular, but muscovite is abundant. The gen- 
eral ai)i)earancc of the scries is quite unlike the Calaveras 
schists of the Sierra Nevada region, but remarkably like the 
Abrams mica vschist of the Klamath region. 

.Vt various places along the crest of the Sierra Pelona are 
masses of micaceous blue limestone schist identical in charac- 
ter with the limestone schists of the Abrams formation. They 
have a regular, thin-bedded structure like lamination, appar- 
ently representing original bedding. In places they are beau- 
tifully contorted. 

At otlier horizons are thin-bedded quartzytes, retaining 
sufficient of the original structure to make their detrital origin 
unquestionable. One small knob is composed wholly of 
quaitzyte debris 

The mountain is traversed by narrow l>an(ls of a green, 
fine granular rcxrk which, when unaltered, seems to be a chlor- 
ittc schist, but in many places it is altered to dull pink talc 
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much 'Stained with iron oxide as are the narrow talc belts in 
the serpentine areas of the north. 

There are also quite a number of narrow strips of coarsely 
crystalline actinolite, precisely as in ^the Abrams mica schist. 
These are not the result of contact metamorphism as in the 
Franciscan series, but of regional thermo-metamorphism act- 
ing on strata of the proper chemical composition to yield them. 

The major portion of the series is a true mica schist like 
the bulk of the Abrams mica schist, but along the crest of the 
mountain where occur the calcareous, chloritic and actinolitic 
members interbedded with the regular mica schists (an asso- 
ciation characteristic of the transition from the Abrams mica 
schist to the Salmon hornblende schist) there are layers of a 
dull greenish, coarsely granular rock which resembles the low- 
er stratum of the Salmon hornblende schist. It apparently 
consists of somewhat rounded grains of quartz separated and 
surrounded by thin folia of blade-shaped crystals of dark 
green and black hornblende. Some mica is present in this 
Sierra Pelona representative; otherwise it is identical with 
the Salmon schist above mentioned. Nothing of the kind was 
seen in the Sierra Nevadas. 

At the tsummit of the Sierra Pelona occurs a vein, partly 
of line granular, transparent quartz and partly of irregular 
masses of iron oxide of a black color with cavities lined with 
yellow ochre, a kind 6f vein peculiar to the Abrams mica schist 
in the Klamath region, increasing the probability of the Pelona 
and Abrams schists being identical. 

; The cstii/.«?.ted thickness of the dark colored schists is 
'3,000 feet, making 5,000 feet for the series — tho^ Pelona Schist 
Scries. 

About the head of the Texas canon, the schists of the 
Sierra Pelona stand nearly vertical, but locally leaning over 
to one or the other side, the general strike being east-west. 
The dark-colored schists form the summit and the light yellow 
schists, tlve southern flank. Near the base of the mountain 
come in apparently schists and quartzytcs which are much 
stained with iron, give the surface a buff color, and in places 
they seem to be much less metaniorphic than the schists in the 
bulk of the mountain. Some spots appear decidedly like blue 
cherts of the T.ower Slate scries in the Klamath region, only 
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partly converted into schist. These may be fragments of a 
newer schist series than the Pelona series, but I fear the evi- 
dence is deceptive and the phenomena due to alteration of the 
yellow schists by a Tertiary deposit once resting on them. 

The schists of Pelona mountain are equally metamorphosed 
throughout and show regional and in nowise local or contact 
metamorphism. They were altered to about their present de- 
gree long anterior to the intrusion of the neighboring Meso- 
zoic granites. ^ 

So strongly have I been impressed by the similarity in lith - 
ology and sequence of the dark member of the Pelona schists 
and the Abrams mica schist, and their marked dissimilarity 
from any schists observed anywhere else in California, that I 
propose to correlate them tentatively. The Salmon ^hornblende , 
schist proper is absent in southern California. During the i 
past summer, Prof. A. C. Lawson, while reconnoitering the 
area of the hornblende schist in Siskiyou county, suggested 
that its chemical composition and remarkable uniformity 
throughout a great thickness indicate that it was originally a 
fine water-laid volcanic ash rather than the ordinary shale or 
slate which I had maintained as its pre-metamorphic con- 
dition ; and thereupon I remembered that the lower portion of 
the formation in the Bully Choop region has a structure very 
suggestive of highly altered squeezed or sheared tuflfs such as 
are common in a later volcanic scries of the Klamath region. 
If the hornblende schist was originally a tuff as is probable, 
it may have been more local in development than the associated 
mica schist and perhaps no great body of it was formed in 
southern California. It is also possible that it was developed 
in the Pelona region but has been destroyed by erosion ; the 
attitude of the schists is such that it is due above any portion 
of the mountain ; the very highest strata exposed are those 
which in the north are the transition beds. 

The coRTSit yellow schists forming the lower member of the 
Pelona series have not been identified in the Klamath region. 
So far as known their horizon is not due at the surface as the 
Abrams schists have nowhere been sufficiently elevated and 
eroded. A^'^e. therefore, probably have in southern California 
older rocks than any known in the northern part of the state. 
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THE GXEISS SERIES. 

Aside from the intrusive Mesozoic granites, the older rocks 
of Los Angeles county occur in parallel belts having a gen- 
eral east-west trend. The first belt south of the Pelona schists 
is occupied by the gneiss series which has an average width of 
three miles and extends from the vicinity of Soledad pass to 
Texas canyon, a distance of about twenty-five miles. Three 
principal types of gneiss arc represented which niay be briefly 
described as follows: 

I. A light gray, fine-grained gneiss of quartz, wliite feld- 
spar and brown mica perhaps in part biotite. This phase is 
the commonest in the gneiss belt and has the appearance of 
being an altered ancient granite. In. places it seems to have 
been partially fused and squeezed into neighboring crevices. 
j 2. A darker, more basic and coarser-grained variety. This 
appears to be in the form of dike-like masses irregularly dis- 
tributed through the light gneiss, suggesting that the relation 
of the one to the other is that of intrusion. The unsheared 
Mesozoic granites present a similar mixture of dark basic 
granite intruded by light acid granite; and, by «shearing and 
intense metamorphism under heat and pressure, I can conceive 
their being converted into just such rocks as this gneiss 
series. However, the latter is very much older than the Mcs 
ozoic granites which intrude it as batholiths and dikes as well 
as narrow dikes of fine-grained gabbro and diabase, none of 
these later rocks being sheared. 

3. A singular, very coarse-grained sort of gneissic rock 
of dark gray color, characterized by aggregates of light pink 
and white small crystals •seemingly of feldspar and quartz. 
They arc surrounded by sometimes concentric bands of mica, 
quartz and feldspar like in the ordinary gneiss. Frequently 
the quartz-feldspar aggregates have perfectly round, eliptical 
or oval fornis, and their borders are sharp. No mica occurs 
in these pebble-like portions. The most common form is the 
ellipse, when the major axis of each "pebble" in a given section 
has a common plane, but instances are observed of exceptions 
where a single elliptical ''pebble" may vary 10" to 15" from the 
plane common to its neighbors. Where the "pebbles" are 
small they seem to have been generally squeezed and flattened, 
but the larger "ix^bbles" ( one to two inches in diameter) seem 
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to have better resisted the squeezing action. The appearance of 
the rock is that of a highly metamorphosed squeezed conglom- 
erate like those occuring in the Calaveras in the Sierra Nevada 
region, rather than as an altered, sheared, crushed and "rolled'' 
coarsely porphyritic granite. 

The relation between the gneiss and Pelona schists could 
not be determined as the line of contact was everywhere ob- 
scured by intrusive granite* or strips of Tertiary conglomerate 
and this remains one of the interesting problems of that re- 
gion. In Mint canyon, the first rock seen on the south of the 
Tertiary belt which lies along the schist and granite border is 
the conglomerate (?) gneiss which is the prevailing rock for 
over a mile. Indeed, except for large masses of intruded mus- 
covite granite, an east-west belt several miles wide seems to 
belong exclusively to this coarse pebbly gneiss. Its prevailing 
dip is southerly at a high angle. Narrower belts of the same 
type occur in the area of the finer gneisses. 

I am of the impression that the true succession is that the 
fine gneisses constitute the basal portion of the section and are 
the oldest rocks exposed in the state of California, probably 
corresponding to the Archean gneisses or ancient altered gran- 
ites of Nevada, Arizona and the Rocky Mountain region ; the 
coarse, pebbly gneiss is next in age and represents a sort of 
basal conglomerate to the schist series, the "pebbles'* probably 
having been derived through the erosion of the Archean gran- 
ites ; the yellow mica schist is the third formation ; and the dark 1 
mica schists ol Pelona mountain the newest of this very 
ancient series. The coarse gneiss and succeeding schists ( 
would thus bear to the Archean gneisses the same relation as 
exists between the Algonkian and Archean of the eastern states. 
The reader must not be led astray by the neatness of this 
classification as the above relation between the gneisses and 
schists is not proved, but merely suggested. 

THK ROCKS OF FRASER MOl'NTAIN AND VICINITY. 

Gorman's Station is in the extreme northwestern corner of 
Los Angeles county, just east of Eraser mouniain. The nar- 
row northwest-southeast ridge (altitude about 6,000 feet) 
north of it, a member of the Tehachapai range and. the actual 
divide at this point, is mainly an unsheared granite with flesh- 
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colored feldspar. This contains several inclusions, one just 
northwest of Gorman's Station, of dark brown mica schist, 
light gray gneiss and white, coarsely crystalline limestone or 
marble. Another spot of marble about 50 by 100 feet in di- 
mensions occurs in the granite on the summit a little west of 
north from (jorman's Station. Similar limestone inclusions 
are known to occur in the San Emedio range a little further 
westward. This very coarse crystalline white limestone is 
quite unlike the blue micaceous limestone schist of the Pelona 
and Abrams schists and evidently belongs to a different series 
yet it occurs in characteristic and unmistakable form rather 
widely distributed in southern California. The Santa Fe 
Railway company has dumped along its roadbed between Bar- 
stow and San Bernardino, the same kind of marble but con- 
taining black specks which are apparently graphite; this it 
probably derived from the old quarries near Colton. Similar 
limestone occurs among the older rocks in the Santa Lucia 
range, and according to the reports of Whitney's survey, in 
the Tehachapai range near the Canada de las Uvas and in the 
Gavilan range, all characterized by graphite. 

Fraser mountain and the lower country south to Firu 
creek are mainly of gneiss (including the fine-grained and 
coarse conglomerate-like varieties in parallel belts and cer- 
tainly the same series as that described from the Santa Clara 
River valley), and of schist, with intrusive granite of the un- 
sheared Mesozoic series not much developed although it oc- 
curs in dikes and other limited areas. A considerable area of 
the schist occurs just southwest of Fraser mountain and dis- 
plays ,a dark brown, medium-grained mica schist. This dif- 
fers in important respects from the Pelona and Abrams schists 
and apparently belongs to a different series. It is identical 
with the schist which is found in connection with the white 
limestone near Gorman's Station. Similar schist seems to be 
associated with the same limestone in the Santa Lucia range, 
s T think we now have evidence enough to establish another 
series of schists and limestone which for convenience in dis- 
cussion may l3e designated the San Emedio series. Although 
It occurs usually as fragments included in or at least intruded 
by the Mesozoic granites, I believe it displays regional and pre- 
IMesozoic nietamorphisni. It iis thoroughly crystalline and its 
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degree of alteration is fully as great as that of the Pelona 
schist series. Its relations to the latter are not known and can- 
not even be conjectured. It is curiously associated with the 
gneiss series and small patches of brown schist like the San 
Emedio series occur in the gneiss area south of Pelona moun- 
tain, but what may be their significance I cannot say. I should 
like to place it in the interval between the Algonkian and the ' 
^lesozoic, (and in the Santa Lucia range it has been classed as 
Carboniferous for no very good reason,) but it has the same ; 
claims for a pre-Cambrian age as the Pelona schists. Its age ; 
remains one of the interesting problems of the older, crystalline ■ 
rocks. 

The gneisses, schists, granites and limestone of this Eraser 
mountain region were first discovered by the members of 
Whitney's survey and have since been reported on by Dr. H. 
W. Eairbanks, but no attempt was made to classify them. 

THE MESOZOIC GRANITES. 

Near the head of the Tick canon, there is a long, narrow, 
east- west dike of white, medium-grained, very acid granite, 
composed of quartz and feldspar, with no appreciable quanti- 
ties of biotite or hornblende. It is intruded in gneiss and being 
unsheared, strongly contrasts with it. North of the divide, in 
the basin of Mint creek, there is a small batholith several miles 
in diameter, of a very light colored, unsheared, muscovite 
granite, intrusive in the gneiss series. About the main mass 
are apophyses of similar granite cutting through the gneisses 
on the south, and the schists on the north. It is composed of 
quartz, a straw-yellow, varying to light pink feldspar, and mica, 
of w*hich white pearly muscovite is conspicuous ; but there are 
no appreciable quantities of biotite or hornblende. 

The mountain range directly north of the Sierra Pelona 
has soil of a uniform light yellowish color suggesting granite. 
Further west the same. range, the Sierra de la Liebre becomes 
streaked suggesting the gneiss series. The Tehachapai range 
is almost exclusively granite which near the western end is 
of the light pink, very acid variety. Alamo mountain in Ven- 
tura county is partly composed of a darker, more basic gran- 
ite and this in Piru canon is overlaid by a great thickness of 
(lark olive Cretaceous shales, probably Knoxville, with a very 
coarse basal breccia-conglomerate, 500 feet thick. 
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From Mint Canyon to Sotedad pass there is a succession of 
small batholitlis of the light pink granite and the railroad 
crosses the summit in a valley excavated in this granite. Ad- 
joining it on the south is an east-west belt occupied by a rather 
basic granitic rock of gray color, somtewhat like certain 
phases of the Sierra Nevada granodiorytes. Both biotite and 
hornblende are important constituents. Its areas are of a uni- 
form light brown color, strongly contrasted with the conspic- 
uously light colored acid granite on the north. 

The main mass of granite occupies the western portion of 
Mohave desert. It outcrops in low, undulating belts several 
miles in width and abounding in knolls and low mountain 
masses. Antelope valley is a structural depression occupied 
by a great thickness of Tertiary and Quaternary deposits, but 
the country north of it to the Tehachapai range, except for a 
narrow belt of rhyolyte resting on granite and the broad, al- 
luvium-floored basins, should be mapped as granite. It is the 
.o.ithward extension of the great grano-dioryte belt of the 
Sierra Nevada region. It has a well-defined eastern boundary 
trending north-«outh about ten miles west of Barstow, with 
many reentrants and dike-like arms. 

Most of the granite forming the low mountains of Mohave 
desert and giving them their uniform light brown color is of 
the light pink variety occurring in Tehachapai mountain at 
Gorman's Station. It consists of quartz and pink or flesh-col- 
ored feldspar, with relatively unimportant constituents of dark 
minerals (biotite and some hornblende). It is of medium tex- 
ture in mass, but just east of the railroad about two miles 
north of Rosamond it abounds in large vein-like masses of 
coarse pink pegmatyte or graphic granite, very abundant in 
fragments on many small knolls. Similar pegmatyte dikes are 
common throughout this main granite area and are always 
coimected with the acid variety of granite, although occurring 
in a darker granite as intrusives. 

At Bissell Station occurs an outcrop of light gray biotite- 
hornblende granite or grano-dior^'te. The Santa Fe Railway 
company once quarried similar gray granite on the south shore 
cf Rogers dry lake-bed, although the neighboring range of 
hills seems to l)e composed mainly of the light qink variety. 
Five miles east of Kramer, grano-dioryte of a typical Sierra 
Nevada variety appears in the crest of a low smooth ridge. 
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1 he railroad between Barstow and San Bernardino reaches 
the granite mass at mile-post sixteen, and at mile-post seventeen 
tliere are two round granite knolls standing in the center of the 
valley near Mohave river. They are of the light colored gran- 
ite with scarcely any mica or hornblende. Then the granite 
border circles around by the west and is not again touched by 
the railroad until near mile-post thirty-three, beyond which for 
several miles it traverses a narrow rock gorge excavated by 
Mohave river in the solid granite rock giving splendid expos- 
ures. The mass of the rock is a medium-grained, light gray, 
homblende-biotite granite or the typical grano^dioryte of the 
Sierra Nevada region, very closely resembling the Rocklin 
granite. Near mile-post thirty-three are areas of the light pink 
granite with little or no hornblende or mica, but which shows 
a strong tendency to develop bands of a coarse pegmatitic 
structure. It is the typical pink granite of Mohave desert. 
Here it seems to occur as dikes in the granodioryte. In the 
walls of the gorge, very narrow dikes of pink pegmatyte occur 
frequently in the gray grano-dioryte. 

The granite belt continues south into tlie San Bernardino 
and Sierra Madre mountains. In Cajon pass the relation be- 
tween the two varieties was placed beyond doubt. The wagon 
road between Summit and Cajon stations enters a rock gorge 
about a mile and a half from the latter. The granite is mainly a 
gray hornblende-biotite granite or grano-dioryte, rather more 
basic than usual in southern California, but not differing from 
certain phases of the intrusive grano-dioryte of the Sierra Xe- 
vada region. Narrow dikes of light pink, coarse, pegmatitic 
granite traverse the gray granite. Finally these pink dikes 
become very abundant, enlarge and pass into a large solid 
mass or small batholith of pink granite of the kind so fre- 
quently observed on Mohave desert, removing all doubt oi 
the pink granite, even when occurring in large masses being 
intrusive in the gray grano-dioryte. 

I have concluded that the whole granite area is probably 
mainly of grano-dioryte in which the pink granite is intruded 
in small batholiths and dikes ; but the latter and especially tlu: 
pegmatyte is the more resistant and usually forms the out- 
crops. 
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The **g:ranodior>'te" as in the Sierra Nevada region is ap- 
parently not a true granite as its feldspars are mainly plagio- 
clase, but the pink variety seems to more nearly approach the 
composition of a true granite. The two are a complementary 
series and represent the same magma at different stages. The 
pink granite bears the same relation to the granodioryte as the 
aplytes of the north. Although so sharply delimited and so 
strongly contrasted, there is no very great difference in their 
ages. This granite mass is part of the great grano-diorytc 
batholith of the Sierra Nevada region which has been proved 
to be of later age than the Mariposa slates which belong to the 
latest recognized epoch of the Jurassic period. The main bath- 
olith of Mohave desert sends long arms and outlying smaller 
batholiths into the Coast range region where they are known to 
be older than the Knoxville shales, as in Piru canon. The in- 
trusion of this granite series, therefore, occurred sometime 
during the interval between the deposition of the latest fos- 
silifcrous Jurassic sediments and the earliest, positively iden- 
tified, fossiliferous Cretaceous sediments. It may be presumed 
witli reason that the same granite series is that which under- 
lies and is older that the Franciscan series a little farther west 
lluin I carried my investigations. 

TIIK RAVKNXA PLL'TONIC SERIES. 

The western end of the Sieira Madre range in the vicinity 
<»f Lang and Ravenna stations seems to be comfx>sed largely 
of a plutonic series of a peculiar and rather unusual composi- 
tion. Just cas/t of Lang station, Soledad canon is entered on 
the south by a deep, narrow canon which extends far back 
into the high mountains. The creek brings out crystalline 
nxrks of a great variety, from a very acid to a very basic. 
Several small specimens were selected from the rock in place 
near the mouth of the canon and submitted to Dr. A. C. Law- 
son, who has kindly furnished me the following notes in ref- 
erence to them : 

A. A coarse-grained allotrioniorphic granular aggregate, of plagio- 
clasc. preen hornblende and magnetite. The plagioclasc is charac- 
terized by prevailingly low symmetrical extinction angles not exceed- 
ing 30" and has a sp. g. of 2.67. It is therefore andesine and the rock 
is a hornblende dioryte. 

H. A coarse-grained allotrioniorphic granular aggregate of plagio- 
clasc having symmetrical extinctions of albite lamellae ranging in value 
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up to 18" and a sp. g. of 2.66. It is therefore an andesine. The feld- 
spar is partially decomposed, the alteration products being epidote and 
a colorless :rica probably paragonite, both abundant. The rock bears 
the same relation to dioryle that the anorthosytes do to gabbro. 

C. Same as B. Sp. g., constituent feldspar, 2.66. 

D. An allotriomorphic granular aggregate of plagioclase having 
symmetrical extinctions of albite lamellae ranging up to 25^ and a 
sp. g. of 2.65. This feldspar is andesine. It is rather cloudy with the 
decomposition products. With the andesine there is a little green 
hornblende but not enough to detract from its essentially feldspathic 
character. The feldspar forms two kinds of aggregates in respect of 
texture, a fine-grained granular aggregate occupying the spaces be- 
tween the coarser aggregate of large anhedrons. 

The rock bears the same relation to dioryte that anorthosytc docs 
to gabbro. 

The first represents the commonest kind, consisting of a 
clear feldspar of a delicate bluish or black tint and green fi- 
brous horneblende; but the most remarkable variety of the ser- 
ies is a massive crystalline of medium texture, of a pure white 
color and a chalky appearance as seen from a distance. Speci- 
mens B. and C. as described above are fairly representative 
of it. It is known to the people of the vicinity as limestone. It 
begins at the small caiion near Lang where it adjoins a coarse 
dioryte of medium- composition, and extends eastward foi 
miles, spreading out into a belt several miles in width and 
forming considerable mountains which from a distance hav 
a white color strangely contrasted with the dark dioryte moun- 
tains south of them. About 3,000 feet east of Lang. Soledad 
canon issues into a Pliocene basin through a narrow gorge cut 
into this white crystalline. In the vicinity, the white massif 
contains dikes of coarse dioryte and of finer dioryte containing 
needle-shaped crystals of primary hornblende somewhat like 
the ''dioryte-porphyryte" of the Klamath region but coarser. 
Neither the dioryte proper, the white crystalline nor the dike.^. 
are appreciably sheared. No gneiss, schists nor granite occurs 
in this area. 

Another member of the series is an aggregate of feldspar 
of the clear, lilac variety. By the appearance and increase of 
green hornbfende this grades into the normal variety. By the 
continued decrease of the feldspar, the series grades into the 
most basic which has scarcely any feldspar. Bluish iron ox- 
ide (probably in part ilmenite) occurs abundantly in the more 
basic varieties as a nrimarv constituent. All are related — a 
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cc^mplementary series. They are bound together by a common 
feldspar, andesine. 

This plutonic series is unique for southern California, if 
not for the state at large, judging from its appearance in the 
field. Its relation to the granite on the north was not de- 
termined and remains one of the interesting problems of Cal- 
ifornia historical geology. I predict that it will be 
found to be Mesozoic in age and just a little older than 
the granitic series. 

^- THE GNEISS NEAR BARSTOW. 

From near Barstow a broad low range of hills (in places 
truncated as if a dissected terrace) extends toward the west- 
northwest about four miles. The colors are black and dull 
light green with some spots of white and yellow. Upon close 
inspection at three miles from Barstow, I was surprised to 
find the black color due to a very basic, dark greenish dioryte, 
generally massive, but in many places schistose from shearing. 
The dioryte is intruded by light pink granite, coarse pegmatitic 
in narrow dikes, seemingly apophyses of the great mass on the 
west. There are other masses of a light gray rock having the 
general appearance of dacyte porphyr>^ of the Klamath region. 
Bands of schists among dioryte layers are mineralized and 
prospected for ores. 

A great black mountain several miles farther northwest is 
probably also of dioryte. This is a more ancient dioryte than 
any known in the Klamath and Sierra Nevada regions. 

About one mile west of Barstow, the same north bluff 
shows a series of dark and light greenish gneisses and schists. 
This is evidently an old complex intruded by the light colored 
granite. In particulars it is somewhat different from any- 
thing which I have seen in any other part of California, but 
while it is not exactly like any particular stratum in the Kla- 
math and Pelona schist series, it has a general resemblance to 
them in the matter of character of metamorphism and appear- 
ance of age. I shall tentatively correlate this schist-gneiss 
series near Barstow, with the Pelona schists and neighboring 
gneisses and with the Abrams schist of the Klamath region 
in a general way, considering them all pre-Paleozoic and pcr- 
h.aps in part Archiean and in part Algonkian. The schists and 
gneisses near P>arsto\v, cast of the great Sierra Nevada-^Io- 
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have Desert granite belt, are doubtlessly a part of the so- 
called "Archean complex'' of gneiss and schist which Turner 
and others have found to underlie the Lower Cambrian rocks 
in Inyo county and to form the basement crystalline complex 
in Nevada, Arizona and the Rocky Mountain region in gen- 
eral. It is a feature common to the Klamath schist series, the 
Pelona schist series and this "Archean'* scries near Barstow 
that they have been subjected to intense thermo-metamorphism 
without profound dynamical deformation and have never been 
so thoroughly sheared and closely folded as later rocks, (not- 
ably the Calaveras,) remaining yet in positions usually far 
from vertical. 

- THE QUARTZYTE-LIMESTONE SERIES OF ORO GRANDE. 

A group of abrupt, very rocky mountains just east of Oro 
Grande, in San Bernardino county, was examined to five miles 
east of the village and found to be composed of two forma- 
tions, quartzyte and limestone. The quartzyte is a hard, fine- 
grained rock, white underground, but stained pink and dull 
red on the surface, giving rise to dark rugged peaks. Under 
a small hand microscope, it shows secondary enlargement of 
quartz grains like the Baraboo quartzyte of Wisconsin, but 
the grain is finer. It is unlike anything ever before observed 
by me in California in that there is a large body of pure quartz- 
yte which was originally a very pure quartz sand. Its general 
appearance is similar to the quartzytes just east of Ogden, 
Utah. 

Tlic limestone is hard, blue and crystalline from meta- 
morphisin. It is massive as the bedding planes are generally 
destroyed. Its purity is unusual for California limestones and 
it is extensively quarried and burned in kilns at Oro Grande. 
In the limestone are some bands of dark gray fine micaceous 
schists — highly altered clay shales. 

The quartzyte and limestone are folded to a moderate de- 
gree and somewhat broken up by small faults. A strip of the 
limestone extends east from Oro Grande. It is 100 to 800 feet 
in width, but the real average thickness of the limestone is 
probably no more than 200 feet. This band is at the axis of 
a shallow and narrow syncline and the limestone clearly over- 
lies tlic auartzvte. A quarrvman told me that another lime- 
stone mountain occurs on the north and still another line of 
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outcrops to the south. Wc have then three east-west belts of 
limestone separated by two anticlinal belts of quartzyte. "Mar- 
ble mountain/' mapped about fifteen miles east of Oro Grande 
is probably a part of this same series. 

This combination of pure quartzyte overlaid by nearly pure 
limestone with virtually no formation of schists or slates is an 
unusual one for California, but is an association common in 
.the Rocky Mountain and Black Hills region. The alteration of 
the Oro Grande series has destroyed all fossils and its age can 
only be conjectured, although in this case such conjecture may 
have a very strong basis. Except for a higher degree of met- 
amorphismi, it is identical in character with the Lower Cam- 
brian series described by Walcott* from Inyo county and I be- 1 
lieve the propriety of classing it as Lower Cambrian will] 
hardly be questioned. 

The relation between the Oro Grande series and the gneiss- 
schist series near Barstow is not proved, but it is safe to say 
that the former is newer than and rests on the latter. The 
Oro Grande Lower Cambrian series shows regional metamor- 
phism. Its appearance indicates a slightly less age than the 
Klamath and Pelona Schist series, but a somewhat greater 
age than the Devono-Carboniferous of the Klamath and Sierra 
Nevada regions. The occurrence of this Lower Cambrian 
series so near to the Pelona schists but less highly metamor- 
phosed than the latter seems to me to corroborate other evi- 
dence of the pre-Cambrian age of the Pelona and indirectly 
of the Klamath Schist series. 

At mile-post thirty-two and one-half from Barstow toward 
San Bernardino, the railroad touches a line of outcrop of a 
fine-grained schistose rock which weathers to a dark color. A 
band of it several hundred feet wide extends northeast along 
the border of the Mesozoic granite to well up the slope of a 
high quartzyte mountain whose southern flank the granite 
reaches. I consider the dark band a zone of contact-meta- 
niorphism in the quartzyte due to the intrusive granite. It 
is ])roperly a quartz schist. The less degree of alteration af- 
fecting the series uniformly over many square miles and far 
distant from any intrusive granite is pre-Mesozoic. 

• Am Jour. ScL, vol. xlix, March, 189r», p. 14.1. 
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At mile-post twenty from Barstow, there appears from 
under the Quaternary gravel, a limited area of hard, massive, 
1-ght gray rock of very fine texture and non-committal appear- 
ance. Under a hand microscope it appears like a very fine 
quartzyte or a felsyte. Certain characters suggest a highly 
metamorphosed novaculyte, but it is more probably an altered 

old rhyolyte. 

One-half mile east of Helen station (mile-post twenty-one), 
there is a black rocky hill rising prominently above the Quater- 
nary gravel deposit. It is composed of the above fine-grained, 
white and light gray rock stained black on the surface. In 
belts it is schistose from shearing. There is some greenstone 
in connection with it. It becomes coarse-textured in one local- 
ity and is evidently at this place a metamorphosed fragmental. 
apparently an old rhyolyte tuff. Angular white fragments 
are abundant. Probably the mass of the rock is a fine rhyolyte 
tuff with some rhvolvte sheets. It is a much older series than 
the Tertiar>' rhyolytes so strongly developed on the desert 
farther north. Its appearance is somewhat suggestive of al- 
tered rhyolytes of Carboniferous and Triassic series in north- 
ern California, but I would rather connect it tentatively with 
the Cambrian series close by on the south : it lias been meta- 
morphosed to the same extent. 

THE SCHISTS IX CAJOX PAS-;. 

About two miles south from Cajon station, the railroad / 
enters a p^orgc which Cajon creek has ctit through mica / 
schists. They strike northwest-southeast and dip northeast at 
a high angle. The first member encountered is a gray, rather 
coarse granular mica schist resembling the IVlona series and 
also certain phases of the Abrams mica schist. Next come 
some green schists which appear like -sheared greenstone and 
may be a metamorphosed diabase dike. Some granite also 
appears. Then follows a great bed, very thick, of a light gray, 
very fine grained rock which seems to be a fine micaceous/ 
quartzyte schist. The railroad is on this formation for several 
miles, to and beyond Keenbrook station. It is a different schisn 
than any ever before observed by me in California and I ani f 
unable to suggest an age for it. It seems to pass under the 
ordinary mica >;chist, some of which, however, is interstratified 
with it. • 
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The schists occur in a narrow belt extending southeast 
through the pass. Low hills near Verdemont station are com- 
posed of the dark gray mica schist, and a line of low hills 
standing in the valley seems to carry the belt nearJy to San 
Bernardino. This schist belt is a fragment of some sedimen- 
tary series surrounded and intruded by the Mesozoic granites. 
Its correlation remains one of the unsolved problems of that 
interesting region. I will suggest that it may finally prove 
to be a portion of the San Emedio series. 

CONCLUSION. 

It is evident by this time that the rugged mountain«s and 
desert plains of Southern California contain a considerable 
variety of old crystalline formations and that it promises to 
prove a splendid field for the student of pre- Paleozoic geolog}- . 
It binds the Archean continent of the Interior Basin region to 
the ancient land mass which, it is presumed, occupied the site 
of the present Coast ranges. In its Mesozoic granites, it con- 
tains the key to the relation between the Jurassic rocks of the 
Sierra Nevada region and the Franciscan series of the Coast 
ranges. It is an extensive region — "a land of magnificent dis- 
tances," as a miner paraphrased. The few weeks which I 
have spent in it scarcely resulted in what deserves to be called 
a beginning of the elucidation of its geology. 

Berkeley, Calif., March 4, ip02. 



PALAEONTOLOGICAL SPECULATIONS. 

By L. P. Gratacap, New Fork. 
III. 

Formal Tendency. 

Something very like tendency, direction, appears in a re- 
view of a large number of fossil forms wlierc there is discov- 
erable any change at all in structure or shape or size. Take a 
strict and definite case of evolutional change and it exhibits a 
procession of forms in which some structural feature appears 
more and more developed until it assumes extravagant propor- 
tions, or inversely displays diminishing importance, until it 
is obliterated. 
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In Dr. Beecher's striking and memorable contribution the 
"Development of the Brachiopoda" (A. J., Vol. XLL, p. 343, 
Vol. XLIV., p. 133) we are shown a series of connected 
changes extending over a vast period of time, presumably un- 
der very varying conditions, quite undeviatingly continued 
until a structural limit has been reached. He has emphasized 
the progressive dissimilarity in the form and relation of the 
valves of Lingula, Terebratulina, Cistella, Discinisca, Theci- 
dium and Crania ; he shows us that these variations are related 
to two important organic characters, viz. : "the length and di- 
rection of the pedicle and the position and structure of the 
pedicle opening." He has drawn attention to the *'types of 
pedicle openings" and as they "fumisn a method for an or- 
dinal grouping of the genera of brachiopods" it is significant 
that "this is found to agree with the chronological history of 
the class." 

Take again the orderly and consecutive movement of parts 
from a larval or primitive state to a fixed, mature condition, 
which Beecher has discussed in his "Classification of the Tril- 
obites." (Amer. Jour., 4th Series, Vol. HI.). The eyes in the 
first stages of trilobitic evolution have been ventral presum- 
ably, and they have in the higher or later forms migrated to 
the dorsal position. So Dr. Beecher gives the progression of 
these characters in the following steps: (i) absence of eyes; 
(2) eye lines; (3) eye lines and marginal eyes; (4) marginal 
^ycs; (5) submarginal eyes; (6) eyes near the pleura of the 
neck segment. 

Dr. Beecher again points out the changes in the glabella, 
lie says (p. 102) ; "throughout the larval stages, the axis of 
the cranidium shows distinctly by the annulations that it is 
composed of five fused segments, indicating the presence of as 
many paired appendages on the ventral side. In its simplest 
and most primitive state it expands in front, joining and form- 
ing the anterior margin of the head (larval Ptychoparia and 
Sao), During later growth, it becomes rounded in front, and 
terminates within the margin. In higher genera, through ac- 
celeration, it is rounded and well defined in front, even in the 
earliest stages, and often ends within the margin (larval Triar- 
thriis and Acidaspis), From these simple types of simple pen- 
tameous glabella, all the diverse forms among species of var- 
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i«uis j^cutTU have been derived, through changes affecting any or 
all tlie lubes. The nKxlifications usually consist in the pro- 
gressive absolescence of the anterior annulations, finally pro- 
ducing a snuxnh glabella^ as in Illacpuis and Niobe, The neck 
segment is the most persistent of all, and is rarely obscured. 
The thini, or mandibular segment is frequently marked by 
two entirely se|iarate lateral lobes, as in Acidaspis, Conolichas, 
ChiUmof's, etc. Likewise, the fourth annulation carrying the 
first )>air oi maxillae is often similarily modified in the same 
genera, also in all the IVotidse, and in Chrirurus, Crotaccph- 
iklns. Sphocrexochus. Am pyx, Harpes, etc. Here again among 
adult forms, the stages of progressive differentiation may be 
taken as indicating the relative rank of the genera." 

We are certainly presented here with a regulated and fairly 
evenly gratle^l devek^|T*nem which seems independent of ex 
ternal accidents, c\>ntingent ixi x-ariaWe disturbances, as nat- 
ural selectiim or surN-ix-al, and are forced to contemplate a 
s^^ries of |>hysii>K>gical pheni^niena which possesses the fixity of 
an unvleviuting temlency. It is probable that an evolutional 
prvvfss >tarte\l, it adxTUKes with certainty, with or without 
reuttorcenx^nt frv^n enviTv^nment. 

W ha: has been caltevl the '^bk^geneiic law" has been tllus- 
tratevl als».^ in cephalopods oikI the Pelecvpoda. ami as Mr. 
!au*es IVrrtite Smith has reniarfcevl "paIa^.^:::o^xy ^^ >>T>,^y- 
nvus with |>hyk>§ettY f * it is a nxvnl :n fossils of changes 
which Nrtn^ aVu: vletenurnati\'e results, anvi* the scherr:e ic 
^>rcsent> ><;xn^s :.> have a sv<:^miarc etfev^tvcttess whicii lies 
.*uc^v:e of the tVrtuitv of >e!ecti»?n or ^•[^vlr'.'rrrrenr. 

Vr? c\XTr!:rjLtx^rt ot the >ucv*esc>i».Hi of charii:e< which ita'- : 

ov>^ . "a^v vlu><^.: ul ya-t •* ::X' '~*7 *::»:; 'v*j< :ha: hiiv\; >,^::tf: :'"*•- 
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support, because of interference with its axial extension. Dr. 
Beecher under "Genesis of Form/' says : "The principal char- 
acters shared by the two valves are the general outline and the 
hinge. In typical and generalized forms, as Lingula, Tere- 
bratulina, Cistella, and Discinisca, considered as before in re- 
gard to length of pedicle, freedom of movement, and direc- 
tion of longitudinal axis to the object of support, we find a 
key to these types of structure. In the individual development 
of Terebratulina, as shown by Morse, we first have the early 
embryonic shell (protegulumi) with a short pedicle and 
straight hinge. The next stage retains both these characters, 
but the valves have become more unequal and the pedicle 
opening confined to the fissure of one valve. The result is a 
shell very much like Argiope or Megerlia (Megathyris and 
Muhlfeldtia), to which professor Morse also called attention. 
The same author next showed that the succeeding stage had 
a comparatively long .pedicle, and a shell linguloid in form. 
Afterwards the defining of the pedicle opening, shortening of 
the pedicle and truncation of the neutral beak produced the 
final characteristic external features of TerebratuHna. The 
deduction from this example and from Lingula is, that genera 
having pedicles tsufficiently long to admit of freedom of axial 
movement have elongate and rostrate shells. The shortening 
of the pedicle brings the posterior part of the shell in more or 
less close proximity to the object of support, and, as growth 
cannot take place in that direction, it increases laterally, re- 
sulting in broader forms with extended hinge areas, as in many 
species of Cistella, Scenidium, Muhlfeldtia, Terebratella, 
Kraussina, etc." 

If this is true it might be anticipated that a shortening of 
the pedicle would be attended with some slight widening of 
the shell at the beaks. It does not seem to be. Lingula mur- 
phyana King, is a long shell with a long pedicle; L. hiaus. 
Swains, has a shorter pedicle but structurally is an identical 
shell with murphyana; Lingula anaiina is a broad shell short 
pedunclcd but retains the usual linguloid character of the 
beaks ; L. ovalis Rz\ is a small narrow shell with short pedicle. 
In none of these forms of course is there any or very slight, 
suggestion of hinge areas, and there is no more suggestion of 
a hinge area in the short pedicled than in the long pedicled 
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lingnlas. Certainly in these cases there is no substantial or 
even approximate interference with the rostral extension of the 
shell. As many Lingulas are sand burrowers, the mechan- 
ical influence of a short or long" pedicle does not seem under 
such circumstances evident. But assuming that a decreasing 
length of pedicle at last brings the beaks in contact or almost 
in contact with the surface of support, the tendency of growth 
at the beaks would seem to be repelled and a narrowing rather 
than widening effect produced, except as friction irritates the 
surface of the shell and might produce thickenings and callos- 
ity. 

The successive and related stages of hinge areas developed, 
and the succession of broader shells with cardinal growth, while 
accompanying a shorter and shorter pedicle until the organism 
may become sessile, can be as naturally assigned to a formal 
tendency, involved in the biological idea of a brachiopod, as to 
the varying accidents of position. In the Discinidae where the 
shell is fixed by a pedimcle passing through a hole in the ventral 
valve, and in the Craniidae where there is no peduncle and the 
ventral valve is adherent, an opposite tendency has been started, 
and driven to its natural climax. These tendencies mav be re- 
in forced by environment, mechanical conditions, strain, even 
survival or selection, but the organic fitnes-s of the shell presup- 
poses an aptitude, which, aroused, pushes the shell towards lim- 
ital forms. 

The thought of formal tendency seems more forcibly sug- 
gested when we examine the outlines of development, prepared 
by Dr. Beecher, of the trilobite phylum. 

Here again Dr. Beecher* significantly remarks: **Next must 
be considered the progressive addition of characters during 
the geological history of the protaspis, and in the ontogeny of 
the individual during its growth from the larval to the mature 
condition. It was shown in the paper already referred to, that 
there was an exact correlation to be made between the geolog- 
ical and zoological succession of first larval stages and adult 
forms, and therefore both may be reviewed together.'* 

Broadly considered, the growth changes in the development 
or evolution of higher forms of trilobites from lower forms 
consists in a migration of the eyes from a ventral position to 
a dorsal position, the disappearance of the annulation in the 
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cephalon, the increase in size of the free cheeks, and the re 
ceding of the facial suture towards the axis. Such a meta- 
morphosis has all the character of inevitableness. It does not 
seem to be fortuitous, secondary, or precipitated by such vary- 
ing adventitious influences as environment or survival selec- 
tion. 

The examples of evolution of the Cephalopoda have been 
reviewed by numerous authors, though its establishment is 
due to Quenstedt, Von Buch, Brown, Hyatt. A series of 
changes from straight to arcuate to coiled and involute shells 
lias been made out with a reversion in pathological or senile 
l)eriods, in the Jura and Cretaceous. The changes have been 
thus summarized by Hyatt: "The efforts of the Orthoceratite 
to adapt itself fully to the requirements of a mixed habitat 
gave the world the Nautiloidea: the efforts of the same type 
to become completely a littoral crawler developed the Am- 
monoidea. The successive forms of the Belemnoidea arose in 
the same way; but here the ground-swimming habitat and 
complete fitness prevailed, for that was the object, whereas 
the Sepioidea represent the highest aims as well as the highest 
attainments of the Orthoceratites, in their surface swimming 
and rapacious forms." 

Palaeontologically regarded the habitat of these derivative 
forms does not seem so contrasted as to lead to efforts of adap- 
tation violent enough to produce these changes, and in the evo- 
lution of ammonoid forms from goniatitic, the assumption of 
septal modification seems to have no relation to either habitat 
or effort. 

Is there not rather implied here a **law of growth." The 
*iaws of growth" have been insisted on by Eimer and Piepers 
(See Die Farbenevolution bei den Pieriden, M. C. Piepers), 
ahhough their English reviewers have had little patience with 
tliem. Piepers has taken some pains, and apparently not al- , 
together unsuccessfully, to show tliat in the course of color 
evolution in the Pierids, starting from an original red the pro- 
cess of color change is toward white which final stage is • 
gradually attained by paling through orange and yellow, or 
through an intermediate black. The view of Piepers is well 
described in the language of his reviewer. He believed in 
"this inevitable tendency arising from an internal impulse to- 
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wanis cluui(»;o in a definite direction, taken in conjunction with 
external intlnenees which act chiefly by way of accelerating 
or retartUnjc the process of change, and in relation with indi- 
vithial ditTerences of snsceptihiHty to stimulus." 

lu^rinal tendency is evident in less intricate and more 
easily verifiahle cases amtnigst fossils. Dr. Beecher whose re 
searches are vSi> comprehensive has pointed out in his essay 
upon the "( >ri^in and Significance of Spines" that there is a 
*'fi^rmal teiulency** whereby in org;misms there is *'the smooth 
roundeil eitibryo i^r larval form progressively acquiring more 
anil more pn>nounced ami highly differentiated characters 
lhr\nigh youth ami maturity/* and although this growth has 
Uvn aualv/iHl by him as n^ferable to eleven categories of sec- 
ouvlary iutluenvw it is im|xv>sible to reser\e the conviction that 
it emlHKlies sinnething UK^re innate. 

In fv^ssiU therx* are tendencies in form which seem quite 
iuexplioaWe on the assumption of purely secondary- causes, a^ 
tho incrvsising ventrv^dorsal cvMivexity* of some groups t 
Kh\Uvhv*nv!U» t!ic rv>s:nil elongation of others i Rhxtichotreca . 
the exteuNKvu v^f the hinge line in Spirifer. the widening or :he 
cawliUst; sUea. als^^ nt Spirifer, the advancing arcuateness -^f the 
vv»uvu! \. lives *-!t S:rv>t>hevxlonra. etc., white in inter: -.a! >trjc~ 
tuiv irx^ prv^rescvive UKvHtications of the internal !:op t\^ri: 
series v^f r\'iUt\\l states aprarentiv inviei^enoent cf anv c-:n« 

l*^ tV v.V:hiv\e the oeveloptt^ettt or a r^verttc -jevhcle • jilve 
\\h\\'^ !»v^hc V vixi to begiit irt such !?rvj> js ■.\ 'f-r.'v". w. /' 
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In the Spiriferidae the extension of the hinge line and the 
widening of the cardinal area are evident features which admit 
theoretically of great development. They attain it. The 
former can be traced from 5*. niagarensis to marcyi, ligns, dis- 
junctus, mucronatus, the latter in 5*. macrothyris, audaciilus, 
Syringothyris typa. 

The shells of the Trematospiridae, Nucleospiridae, Zygo- 
spiridae suggest Spirifer in outline, but might be readily mis- 
taken for them, in some species, but they never exhibit such 
limital forms as are found in the Spiriferidae. These formal 
tendencies do not develop in them. If these limits of Spirifer 
have been produced by strain, elision, conformity, etc., why 
have not such predicaments worked similar results in them? 
Their biological plasticity does not allow it.' In short there 
seems apparent in fossils an inherent character which admits 
of modification in certain directions, prescribed by their na- 
ture; and different groups move on under the impact of en- 
vironment or some organic impetus resident within them, to- 
wards limital forms, participation in which are denied other 
groups not adapted for these formal tendencies. 

A review of a series of fossil forms through many forma- 
tions establishes the conviction that evolution is not circum- 
stantial, but presents a certain inevitableness in the strict and 
graded tendencies of form. Again such tendencies are also 
evinced in the extreme exaggerations shown in limited faunas, 
as the crinoidal life of the Keokuk beds. 

Simultaneous Faunas. 

Dr. Weller has (Journal of Geolog>') illustrated two types 
of faunas, (i) the cosmopolitan; (2) the provincial faunas. 
He says : "During Silurian time, for instance, there seems to 
have been in existence a great cosmopolitan, shallow water, 
marine fauna, which is represented in America, in Europe, in 
Australia, and New Zealand, and probably will be discovered 
also in the other continents. The conditions for the develop- 
ment of such a fauna seem to have been the presence of wide- 
spread, shallow seas upon the continental platforms, epi-conti- 
iicntal seas, as they have recently been called. With broad 
seas of this sort around the borders of the continents, and ex- 
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tending into the interior by means of great tongues or lobes, 
and with conditions approximating base-levels upon the land, 
there would be a great limestone forming epoch, and with the 
probable atmospheric conditions of such an epoch the tempera- 
ture conditions upon the earth would be far more nearly 
equable than they are today, so that the same species could live 
both in the tropics and far in the polar regions, as the distribu- 
tion of the fossils indicates to have been the case. Under such 
conditions the shallow water marine organisms would have the 
most favorable opportunity for intercommunication with all 
parts of the world, and there would be developed just such a 
cosmopolitan fauna as we know existed in Silurian time." 

Provincial faunas on the other hand were those circum- 
scribed local aggregates of species which resulted from the 
breaking up of the evenly sweeping and continuous coast line 
into bays, straits, gulfs, and arms, with a consequent disturb- 
ance of tides and currents, diversities of temperature and a 
shifting and dislocation of bottoms that led to variations of 
form, new inherited tendencies, and modified functions. 

This distinction of provincial and cosmopolitan faunas re- 
ceived full recognition from D'Orbigny as far back as 1843. 
His language is very expressive and interesting: "Cctte con- 
temporaneite d'existence qu'on remarque a d'immenses distan 
ces au premier temps de Tanimalisation et jusqu' a I'epoque ou 
se deposaient les terrains cretaces inferieurs, semble dependre 
d'une temperature uniforme, et du peu de profondeur des mers 
qui pcrmettaient aux etres non-seulement d y eprouver partout 
rinfluencc de la lumiere exterieure, condition indispensable a 
leur existence, mais encore de se propager et se repandre sans 
obstacle d'un lieu a I'autre, ce qui ne pourrait plus avoir lieu 
des que par I'influence de I'inegalite de la temperature, le re- 
froidissement de la terre d'un cote, les systemes terrestres de 
soulevement de Tautre, ainsi que les grandes profondeurs des 
oceans, apportaient autaut de barrieres infranchissables a la 
zoologie cotiere et sedentaire. On doit done croire que Tuni- 
formite de repartition des premiers etrcs sur le globe tient 
autant a V egalite de temperature determinee par la chaleur 
centrale qu'au peu de profondeur des mers ; tandis que Ic 
morccUcmcnt des faunes, par bassins de plus en plus restrcints, 
en approchant de V epoque actuelle. provient du refroidisse- 
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ment de la terre. des barrieres terrestres .et marines qui ont 
mis obstacle a Y extension des faunes riveraines/' 

That position and accidents of environment change form, 
not to ultra specific examples, but to extreme variations is well 
shown in Purpura lapillus. In sheltered coasts this protean 
shell becomes lengthened with revolving lines, upon veined or 
colored rock it shows color bands, both broad and narrow, in 
exposed situations it has a tapering spine and long aperture, 
in very sheltered places it again becomes lengthened, robust 
and with irregular surfaces, in exposed sites with small food 
supply it is small, in exposed sites with fair food supply it is 
small with depressed spine, and cancellated, on flat beds at low 
water long, sculptured, with a large last whorl, in shelters un- 
der boulders with good food supply it is sculptured, on oyster 
beds it is sculptured with spinulose fringes, again exposed, it 
shows small elevated ridges, in very sheltered places with 
abundant food they become long and smooth, again in ver> 
exposed positions with poor food supply they are small, some- 
what distorted, but in similar spots with abundant food supply 
they become normal and turbinate, others are shouldered and 
small, and lastly in sheltered areas with poor food supply they 
are small with prominent revolving ridges. 

Variations of this kind simply illustrate how more widely 
contrasted conditions might, in the lapse of a long time, pro- 
duce much more sharply defined differences. It would seem 
assumed by modern naturalists that however stationary life 
seems to day, in geological time evolution, or a ceaseless or- 
ganic impulse to differentiate types, and introduce new groups, 
controlled invincibly the seething currents of animal activity. 

Provincial faunas were thus originated, or as Dr. Welles 
has expressed it, **this type of development was, of course, 
brought about by the greater or less isolation of great shallow 
water tracts in different parts of the world, in each of which 
the evolution of the life progressed along its own peculiar 
lines, molded by the particular environmental conditions which 
obtained in each tract or province." 

But are we not oermitted to assume that if evolution acted 
ui)on one •separated section of a cosmopolitan fauna it would 
act upon all other separated portions at the same time, and 
that if conditions were very much alike in these two separated 
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the developmental influences, themselves perhaps less active, 
and a resultant finally appears in which contemporaneous 
faunas are at quite different stages or levels of evolution. The 
irruption into a fauna of an earlier technical form, of a part of 
a really contemporaneous fauna which has put on a later bi- 
ological expression would produce phenomena not unlike that 
of Barrande's prophetic colonies. And this was practically 
Barrande's own conclusion, though the subversive effects of 
stratigraphical study practically nullified them. 

Finally can we hazard the conjecture that evolution may 
produce synchronous identical biological results? 



NOTE ON A TERTIARY TERRANE NEW IN 

KANSAS GEOLOGY. 

By Grorob 1. Adams, WHstaington, D. C. 

In the summer of 1895, while making a reconnaissance in 
southwestern Kansas, I observed at a locality on the Cimarron 
river in Seward county, certain beds which appeared to me to 
be of Tertiary age, but which are wholly unlike the tnarls and 
mortar beds of Kansas. In the summer of 1896, I revisited 
the locality and searched for further outcrops with the hope 
of determining the relation of the beds and obtaining fossils 
which would indicate their age. The place at which the best 
exposures may be seen is in Sees. 25 and 26, T. 34S., R. 31 
W'., on the south side of the Cimarron river near a ranch at 
that time occupied by Mr. Kneeland. The formation dips to 
the eastward, certain beds having a measured dip of 10 de- 
grees. The structure, however, is not regular. . The lowest 
beds consist of a fairly well cemented white sandstone in thick 
strata. This sandstone has been quarried to a limited extent 
for l)uilding purposes. A particular layer shows numerous 
tracks, apparently those of a large turtle. Above the sand- 
stone there is a stratum of limestone about eight feet thick. 
Higher in the scries there are other beds of similar nature 
somewhat thinner bedded. One of these, a soft chalky linie- 
•stone about ten feet in thickness, is also represented on the 
north side of the Cimarron, in a low hill at which place it has 
been sawed into building stone which is used by the ranchmen 
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and at Arkalon. Above the chalky beds there are sandstones 
usually thin bedded. Near the channel of the Cimarron they 
outcrop in a low anticline and to the east of the stream occur 
in a ledge exhibiting low dips. 

In searching for fossils at this locality' nothing of special 
significance was found. In the hill north of the river where 
the chalky beds are quarried there is a thin layer of clay over- 
lying the limestone in which were found the condyle of a 
large mammal, and the ramus of a carnivore jaw. 




The relation of the mortar beds to those above described 
is plainly one of unconformity, the coarse "mortar bed" sand- 
stones lying discordantly upon the upturned edges of llit 
series. At the time I observed the bt'ds the dip was regarded 
by me as indicative of structure which might be connected 
with the artesian conditions of the Meade basin which lies to 
the norlheast along Crooked creek, and I called the attention 
(if Mr. Haworth to the locality thinking that it might be de- 
scribed in connection with the geology of the Meade artesian 
area, but no note has thus far been made of it. 

It is probable that the formation described by I". W, 
Cragin (.American tleologist, \'ol. \"II1. i8yi, p. 29), as ".\ 
Leaf-bearing tcrrane in the Loup Fork." occurring on the 
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North Canadian and Beaver creek in what is now Oklahoma, 
is of the same age as the beds on the Cimarron in Kansas. The 
localities at which he observed outcrops are in the vicinity of 
Alpine and from them he obtained leaf impressions, fragmen- 
tary remains of fishes, small gasteropod shells, and diatoms. He 
also reported the proximal end of an ulno-radius bone of a 
camelid. This fossil he regarded as determining the age of the 
beds to be Loup Fork. The chalky beds he described as a 
"lacustrine marl." 

The localities which were examined by Cragin were vis- 
ited by E. C. Case who reported his observations as "A Geo- 
logical Reconnaissance in Southwestern Kansas and No Man's 
Land" (Kansas University Quarterly, Vol. II, page 143.) 
He found fragments of bones which could not be determined 
generically and obtained a collection of leaves which were 
referred to the genera Smilax, Sapindus, Ficus, Platinoides, 
and Populus. 

The purpose of this note is to record the occurrence in 
Kansas of the terrane first described by Cragin, and to call 
attention to this locality as a field which is promising to a 
careful collector. From what I have seen of the Tertiarv of 
the great plains I am inclined to believe that the beds at Alpine 
and on the Cimarron will prove to be older than Loup Fork. 
In this opinion I am supported by evidence afforded by its dis- 
cordant relation to the mortar beds, and by the general re- 
semblance of the formation to the White River. 



NEW SPECIES OF FOSSILS FROM THE SUBCAR- 
BONIFEROUS ROCKS OF NORTH- 
EASTERN MISSOURI. 

By R. R. KowLBV. Louisiana, Mo. 
PLATE XVIIT. 

Agaricocrinus praecursor, n. sp. 

Fig I. Side view of the body of the type specimen. 

Fig 2. Anterior view of the body of the same specimen. 

Fig. 3. Posterior view of the same specimen. 

FiG.'^. 4 and 5. Dorsal and ventral views, respectively, of the type. 

The dorsal cup of this crinoid is but slightly convex. The 
stem base covers much of the basal plates as a shallow exca- 
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vation and is surrounded by a low narrow rim. All of the 
dorsal plates are more or less convex or low timild, those of 
the radial series being broader than long. The first radials 
are six and seven sided while the second plates of the series 
are four sided. The third or axillary plates are five sided in the 
, right and left posterior rays, but hexagonal and non-bifurcating 
in the other three rays in most of the specimens. 

In one of the rays of a detached dorsal cup the second 
radial plate is an axillary piece. The series of double arm 
pieces rests directly on the third radial plate. The first inter- 
radial plate is. a little longer than broad and supports above 
two elongate pieces that fill the depression between the arm 
bases. The first azygous interradial is about as long as broad 
and supports above three somewhat smaller pieces of equal 
length and width, two being seven sided and one six. Above 
these are two series of three smaller plates each, to the top 
of the arm lobes. 

The anterior and the two antero-lateral rays give rise to but 
one arm each (in one specimen, the right antero-lateral ray 
has two arm bases) while the right and left posterior rays 
support two arms each, making seven (eight in one specimen) 
arms in all, the fewest number yet observed on an Agarico- 
crinus. 

The ventral disk is strongly elevated and the plates both 
of the ambulacral and interambulacral areas are more or 
less tumid except those of the anal area which are smooth, 
the area itself being extravagantly elongate and inflated. The 
small anal opening is situated near the top of thiis inflation 
and the sides and top of this smooth, inflated area are bounded 
l)y a line of strong nodes somewhat after the manner of Agar- 
icocrimis orontrema but in A. praccursor the anal opening is 
not at the bottom of a pit. The strongest nodes of the ven- 
tral disk are above the arm bases. 

A detached ventral disk of a somewhat larger specimen ap- 
parently of this species hais the immediate region about the 
anal opening somewhat flattened and entirely surrounded by 
a ring of nodes, the latter invading the lower part of the anal 
interambulacral area. On this specimen the nodes become 
spine like and flattened ])roces>cs. 

This intercstinji: crinoid was obtained from the limestone layers 
of the Chontean beds at Fern Cden. St. Louis Co.. Mo., and the type 
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specimen was found by Mr. D. K. Greger and given to the writer 
in whose collection all the specimens now are. 

Cyathocrinus sniveiyi, n. sp. 

PLATE XVIII. 

Fig 6. Side view of the dorsal cup of the type specimen. 

Fig. 7. Basal view of the dorsal cup of the same. 

Fig. 8. Top view of the dorsal cup to show the thickness of the plates. 

Body rather large, length and breadth equal. Column 
large and round. The five infrabasals in the type specimen 
are of unequal size, two being much shorter than the other 
tliree, thus giving a greater length to one side of the fossil 
than to the other. The infrabasals if of the same size would 
be a little wider than long. 

Four of the five basals are hexagonal and of equal length 
and width. The fifth is heptagonal, supporting above a pent- 
agonal anal piece. Two pieces, one much smaller than the 
other, rest upon the anal plate in the type and extend but little 
above the dorsal cup. The radial plates are the largest plates 
in the body, wider than long and with an almost circular 
brachial scar each which occupies over half the width of the 
plate and directed almost horizontally. All of the plates are 
convex, being depressed along the sutures and with a clustei 
of low tubercles, running together on the infrabasals. On 
the radials, the tubercles form a semicircumference about the 
brachial scar. The tendency toward confluence of the tuber- 
cles is not wholly confined to the infrabasals but is noticed 
at the center of each basal and the anal plate, there being no 
invasion of a narrow sutural area. 

The surface of the plates is minutely granular. Test thick. 

Our species may be compared with M. and W.*s C farlcyi. 

The specific name is in honor of the discoverer Mr. Z. T. Snively 
of Wayland. 

From the Keokuk limestone of Fox river, Clark Co.. Mo. Collec- 
tion of the author. 

Cyathocrinus granulosus, n. sp. 

PLATE XVITI. 

Fig. 9. Side view of the dorsal cup. 
Fig. 10. Basal view of the same specimen. 

The width of body is greater than the length. All the 
plates are convex. Column large. Infrabasals short. The 
basals arc of equal length and width. The radials are heavy 
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and overhang the plates below. Brachial scar rounded and 
nearly horizontal. Arm plates heavy like those of Bary- 
crinus. The anal plate is pentagonal. The first radials each 
have a central short tubercle and the surface of all the plates 
is beautifully granular. The. plate sutures are depressed. 

Found by Mr. Z. T. Snively in the Keokuk group on Fox river, 
near Wayland, Mo. 

In the author's collection. 

Lobocrinus dubius, n. sp. 

PLATE XVIII. 

Fig. II. Anal side view of the body of the type specimen 
The basal plates extend obliquely outward as rather thin, 
sharp expansions after the manner of Eretmocrinus. The 
first radial plates are a little broader than long and although 
separated from each other and surrounding plates by deep 
rounded grooves are themselves flattened on the outer surface. 
The second radials are quadrangular and hardly broader than 
long, verrucose. The third radial-s arc broader than long 
and, as axillary plates, support above, two primary rad- 
ials each, of a secondary series. These latter support a second 
plate that is axillar)% bearing on its left, sloping upper side an 
ami base and on its right a radial plate of the third order, 
directly imder an ann base. The lower plate of each inter- 
radial area is large, as broad as long, and flattened on the 
outer surface as in the first radials, supporting aI>ovc a much 
smaller plate (two in the left antero-lateral interradius). 
Above this first interradial is a minute plate, (One area has 
still another »smaller plate above while one other has but two 
plates altogether). The first plate of the anal interradius is 
as long as broad and seven sided, flattened on the outer sur- 
face and supporting alx)vc three wart-like plates. Above 
these latter are two small plates. All of the dorsal plates are 
strongly verrucose. 

The ventral disk is hardly convex with plates but slightly 
nodose. The base of the anal tube is nearly central and the 
plates are heavy, while the tube itself is hut moderately large. 
The grouping of the arm bases forms five not very distinct 
lobes, each giving rise to four arms, except the anterior which 
has but two. eighteen in all. 
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The column appears to have been rather small with a small 
round central perforation. Arms unknown. 

This crinoid seems to have affinities with Batocrinus, Eret- 
mocrinus and Lobocrinus, agreeing^ with the latter in the 
lobed character of its arm bases, with Batocrinus in general 
form and wart-like plates. With Eretmocrinuis it agrees in 
the character of its basal plates, though somewhat less ex- 
panded, but lacking entirely the inflated ventral disk. 

Its nearest ally seems to be Lobocrinus longirostris. 
It comes from the Cryptoblastus melo horizon of the Lower Bur- 
lington limestone and the type is from Marble Head quarry a mile 
and a half above Louisiana on the Mississippi river. 

Collected by John Lonergan and presented to the writer. 

Lobocrinus? dubius var. pustulosus n. var. 

PLATB XVIII. 

Fig. 12. Anal side view of the type specimen. 

This fossil has the same plate arrangement as L. dubius, 
much the same shape of body and low, almost flat ventral disk, 
the calyx or dorsal cup expanding moderately to the periphery 
until the width is greater than the depth. 

The ba-sal plates are thin oblique expansions much like 
those of Eretmocrinus but less extended. The plates of the 
ventral disk are nodose and stronger than those of L. dubius, 
while the plates of the dorsal cup are strongly wart-like but 
never flattened as on the latter species. The lobed charactei 
of the periphery is hardly noticeable. The number of arms is 
probably the same in both fossils but as var. pustulosus is half 
ijiihcddcil in the limestone this cannot bt» definitely ascertained. 

From the fourth division of the Lower Burlington limestone, 
Pratt's quarry, Louisiana, Mo. 

Lobocrinus? insolitus, n. sp. 

PLATE XVni. 

Fjg. 13. Side (anal) view of the type sptcimen. 
The basal i)lates of this species are thin and expanded. 
The first radials are large, broader than long and tumid or 
ridge-like. The second radials are four sided and hardly 
wider tlian long, nodose. The third radials are broader than 
long, ridge-shaped. The second plate above the third radial 
on each side is also an axillary plate with a single piece on 
each side between it and the arm base. The first plate of each 
of the four regular interradial areas is large, with equal length 
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and breadth and low conical in outer surface features. Above 
this latter are two much smaller nodose plates. The large 
anal interradial is a little deeper than wide and with conical 
outer surface. Three somewhat smaller ridge-like plates rest 
upon this and above them three still smaller nodose plates 
The dorsal cup itself is obconical with length and width 
about equal. The ventral disk is conical and hardly so deep 
as the dorsal cup. The plates of the latter are much less 
strongly nodose than those of the dorsal cup. 

The base of the anal tube is strong and the plates heavy, 
leaving but a small canal in the anal tube. The lobes formed 
by the arm bases are not strongly marked, hardly noticeable, 
in fact. The left posterior ray supports but three arm bases 
while the right has four, the right and left antero-lateral, ^our 
each, while the anterior itself has but two — 17 in all. The 
column is small and with a small central perforation. Arms 
unknown. 

This crinoid has characters allying it to Lobocrinus, Eret- 
mocrinus and Batocrinus. In the depth of its ventral disk 
it differs much from the two preceding species of Lobocrinus 
and may liave to be removed to Eretmocrinus or Batocrinus, 
to both of which it seems closely related. 
Lower Burlington limestone, White Ledge, Mo. 

Eretnnocrinus? parvus, n. sp. 

PLATE XVIII. 

Fig. 14. Side view of the type specimen. 
The expansion of the dorsal cup from the basal plates tu 
the arm bases is but little. The three basal plates are heavy 
for so small a body, while the first radials are large and rather 
extravagantly produced outward into wart-like nodes. The 
second radials are very small, quadrangular and without ele- 
vation above the general surface. The third radials are pen- 
tagonal and hardly nodose. The radials of the second series 
consist of a primary plate, longer than wide, and an axillary 
piece supporting the arm bases. The only plate of the Inter- 
radial scries is rather small and wart-like. (There is appar- 
ently a want of other plates above.) The large azygous plate 
is of equal length and widtli and strongly nodose. Above it 
appears to be but one small nodose plate. The ventral disk 
is but moderately elevated, has but few plates and most ot 
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these have heavy spinous nodes, especially those ambulacrally 
located. The anal tube is rather small and a little eccentric 

in position. 

The arm bases form five rather strong lobes, the right and 
left posterior ones having three arms each while the anterioi 
ray supports but two and the right and left antero-lateral 
four each or sixteen in all. Column small and round. This 
little fossil has some affinity with Lobocrinus. 

From the fourth division of the Lower Burlington limestone, 
Pratt's quarry, Louisiana, Mo. 

Eretmocrinus brevis, n. sp. 

PLATE XVIII. 

Figs. 15, 16. Anal side and basal views of the type. 

Dorsal cup low and greatly expanded. Basal plates form 
a truncate lower surface with sharp outer edges but no con- 
vexity beyond the body surface. The column is small, round 
and with a small circular canal. The first radials are much 
wider than long. The second radials are quadrangular and 
twice as wide as long. The third radials are pentagonal and 
wider than long. The second radial series consists of three 
very wide plates, to the arm bases. The interradial area seems 
to be filled by but one large plate. The first azygous interradial 
supports three smaller plates above and upon these latter rest 
two or three small elongate pieces. The plates of the dorsal 
cup are without apparent convexity. The ventral disk is low 
and the plates hardly convex except one near the center 01 
each ambulacrum which supports a small acute spine. Anal 
tube eccentric. 

The periphery is separated into five lobes of two arm bases 
each, except the right posterior ray which supports three, mak- 
ing eleven arms in all, unless the rays bifurcate beyond the 
body. This i« the most depressed form of Eretmocrinus yet 
described. 

It is from the Upper Burlington limestone of White Ledge, Mo., 
and the type is in the author's collection. 

Spirifer pikensis, n. sp. 

PLATE XVIII. 

Fig. 17. View of the cardinal edge with the brachial valve turned 

somewhat obliquely to the observer. Natural size. 
Figs. 18 and 19. Views of the pedicel and brachial valves, respectively, 

one-half diameter. 
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FiGS. 20 and 21. Front edge and cardinal line of the united valves, 

Fig 22. Lateral view of the shell showing the strong elevation of the 

mesial fold, xJ/2. 

This splendid Spirifer is not likely to be confounded with 
any other form of the same horizon. It is broader than long 
and, without the mesial fold, would be semicircular in outline. 

The cardinal extremities are rounded and the cardinal area 
is narrow and with nearly parallel edges. There are from 
twenty to twenty-five low, rounded plications on either side 
of the mesial fold. The plications on both valves are dichot- 
omous. The elevation of the mesial fold at the front edge 
of the brachial valve is extravagant and the plications that 
traverse the fold are broad and with little or no elevation. 

The i>edicel valve has from twenty to twenty-five low, 
rounded, dichotomizing plications either side of the broad, 
deep sinus. There are from twelve to fifteen flattened plica- 
tions in the sinus, the ones on the sides being broadest. The 
beak of the pedicel valve is but little incurved and is separated 
from the beak of the brachial valve by half the w^idth of the 
cardinal area. The aperture is uncovered and a low, broad 
triangle. 

Both the mesial fold and sinus begin near the ends of the 
beaks. Two strong lines of growth cross the plications and 
finer imdulating lines traverse the front of the shell. The test 
IS rather thin and the diameter from valve to valve is little, 
compared with the otherwise great dimensions of the shell. 

The semicircular outline, great elevation of the mesial fold, 
great depth of the sinus, general depressed character of the 
shell at the itmbonal region together with the nurrow cardin- 
al area and the round dichotomizing plications will serve to 
identify this spirifer. Tn size it is hardly less than S. grinicsi. 
It comes from the fifth and sixth horizons of the Lower Burlington 
and the basal" lavcrs of the Upper Burlington limestone at Louisiana, 
Mo. 

The type, as well as all other fossils described in this paper, be- 
longs to the author's colh.'ction. 

All figures on the plate are of natural size, except 18. 19, 20. 21 
22, which are reduced (X J 2). 

Feb. 20, 1902. 
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LITERATURE. 



Ostracoda of the Basal Cambrian Rocks of Cape Breton ; by G. F. 

Matthew LL. D., F. R. S. C. 

In this article are described the Ostracoda that have been found 
in the Cambrian rocks of Cape Breton, Nova Scotia, older than the 
Paradoxides beds. 

These forms are referred to five genera of which three are new, 
viz: Bradoria (and subgenus Bradorona) Escasona and Indiana. 
Some species are referred doubtfully to Leperditia and Schmid- 
tella. The new genera are based chiefly on peculiarities of the ocular 
tubercle and adductor muscle scar, as well as on the form.. Fifteen 
species and twelve mutations and varieties are enumerated. These 
are scattered thro' the Coldbrook and Etcheminian terranes (forming 
the Basal Cambrian). A table is given showing the distribution, from 
Irhich it appears that the subgenus Bradorona and the genus Escasona 
chiefly characterize the Lower Etcheminian, while Schmidtella (?) 
and Bradoria are more common in the Upper Etcheminian fauna. 

Only two ostracods have been found in the lowest Cambrian 
terrane (Coldbrook) a species of Indiana and one of doubtful aflin- 
ities. 

The Etcheminian genera are notable for the approximation ol 
the adductor muscle to the anterior end of the cardinal line; and 
I'siially for the possession of an ocular tubercle above and close to the 
liiuscle scar. The scar and sulcus common in the middle of the 
valve of many Ordovician Ostracoda are wanting in the genera dis- 
missed in this paper. 

Many of the species are notable for their unusual width, this being 
frequently equal to the length, and sometimes exceeding it. 

Two plates of figures of the several new species and mutations ac- 
cnmpany this article. 

. / Gcnlofiical Study of the Fox Islands, Maine; by Geo. O. Smith. 

(Colby College Bulletin, Vol. 2, No. i.) April, 1902, pp. 53, price 

50 cents, in paper covers. 

The state of Maine is almost a terra incognita so far as its geol- 
ogy is concerning. It is therefore particularly interesting to know 
that the report on the geology of Fox Islands, off the Maine coast, has 
recently appeared as one of the Bulletins of Colby College. The study 
was first privately published in a limited edition by the author. Dr. 
G. (). Smith, in 1896, as a thesis for the Ph. D. degree at the Hopkins. 
The present paper differs from the earlier one in containing a fuller 
discussion of the general geology of the district and a much briefei 
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description of the microscopic characters of the rock specimens studied. 
All the essential features of the original paper are retained in the new 
edition, but some of its more technical fes^ture^ have been omitted. 

The Fox islands comprise a group of rocky islands' in Penobscot 
bay. They are composed largely of greenstone-schists, volcanic lava 
and various intrusives. Subordinate areas are occupied by sedimen- 
tary rocks. The greenstone schists are basic lavas and tuffs of Pro- 
Niagara age. The sediments are in two small ar^as, one in Vinal 
Haven and one in North Haven, the two largest islands of the group. 
The North Haven beds comprise 600 ft. of shales, quartzytes, limestone 
and conglomerates that have been determined as Niagara by Beecher. 
The sediments in Vinal Haven are quartzytes, quartzitic slates and 
various banded schists, the exact age of which has not been deter- 
mined, but because of their strong metamorphism they are inferred to 
be much older than the Niagara sediments and the volcanic deposits. 

The most interesting series represented in the district are thost 
consisting of the lavas and associated tuffs. Of these there are two — 
a more basic series distributed on the shores af the "thoroughfare" 
separating North Haven from Vinal Haven and on the islands in the 
"thoroughfare," and an acid series confined to the northwestern portion 
of Vinal Haven. In composition the rocks of the first series are clas- 
sified as andesytes, diabase-porphyries and quartz-porphyries. They 
have suffered much change in the way of devitrification, but their 
structure is well enough preserved to serve as a means for their iden- 
tification. The clastic volcanics are especially well preserved. Their 
tuffaceous structure is particulary characteristic, the typical "ash 
structure" being observed in many sections. The acid volcanics of 
Vinal Haven are glassy rhyolytes with beautiful flow structures, 
spherulitic rhyolytes, rhyolitic flow breccias and rhyolitic tuffs. The 
spherulitic phases form striking rock ledges — the spherulites possessing 
all shapes and sizes up to three inches in diameter. 

The volcanic rocks are cut by numerous dykes some of which are 
microgranites or porphyries, but the greater number are diabases 
and quartz diabases. 

The greater part of Vinal Haven — all that part lying south of the 
volcanic rocks — is composed of the famous pinkish gray granite, so well 
known as a favorite monumental rock, and a coarse grained black rock 
which has long been quarried under the name of a "black granite," 
and which in some instances is dioryte and in other cases an olivine 
diabase. The granite is older than the basic intrusive and both ap- 
pear to be younger than the volcanics. 

Brief descriptions of all the principal types of rocks are given In 
the study and data which served to determine their sequence are 
described. A concluding chapter siunmarizes the result reached T)y 
the author and a well executed map depicts the distribution of ilie 
rock formations. 

The report gives indubitable proof that there was an old volcano 
in the Fox islands region during early Paleozoic time and that it must 
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have deported itself like the volcanoes of Tertiary and later tlme», 
With a little volume like this one as a touring companion, the sum- 
mer visitor to the coast of Maine may add a g^eat deal to the pleasure 
of his outing.* w s. b. 

The physical effects of contact metamorphism. Joseph Barrell (Am. 

Jour. Sci., vol xiii. Apr. 1902. pp. 279-296.) 

Dr. Barrel reaches some important results that go to elucidate some 
of the obscure and unstudied changes that take place in sedimentary 
rocks when brought into contact with igneous intrusives. He also gives 
data from which it can be determined what was the nature of sedi- 
mentary rocks from which given metamphoric minerals have been 
derived. He finds that remarkable changes take place in mass and 
volume where sedimentary rock is metamorphosed, the loss in vol- 
ume sometimes reaching 47 per cent, and in weight nearly 30 per cent. 
The following table and accompanying observations are taken from 
his article: 

Relation of metamorphic minerals to original composition — From 
the species and proportionate amounts of the metamorphic minerals 
seen in thin section, it will be desirable to determine the nature of the 
original sediments and thence the changes undergone in mass, vol- 
ume and mineral composition. Leaving aside for the present those 
possible accessions connected with impregnation and fumarole action, 
the chemical elements will remain present as before stated except for 
the expulsion of a greater or less quantity of water and carbonic acid. 
To determine this relation of metamorphic minerals to original compo- 
sition, some definite basis must be adopted. For that reason the sedi- 
ments are assumed to consist of a number of stable minerals, the results 
of thorough decomposition. As has been shown, in arijillaceous rocks 
such a condition is never perfectly reached, and where such have suf- 
fered changes the losses computed on the above basis must be dimin- 
ished by a factor depending upon the incompleteness of the decom- 
position of the original rock. In strata consisting of quartz sand and 
carbonates, however, the changes will be strictly those shown by the 
following table. 

The metamorphic minerals given in the table, except for the omis- 
sion of biotite. are those of commonest occurrence in strata adjacent 
to igneous rocks. Biotite, though of common occurrence as a result 
of metamorphism in rocks of an arenaceous-argillaceous character, 
has such a complex composition that it is useless to attempt to com- 
pute from what materials it has come, unless something is known of 
the unmodified strata. The ferrous oxide, magnesia and alkalies pres- 
ent in biotite, furthermore, are indicative of an incompletely decom- 
posed sediment, and add to the difficuUies. The absence of biotite 
from the table for that reason, however, is not a serious matter, since 



• Since the orii^inal report on which the present edition was based had a 
very limited circulatior and »«ince copies of it are not now available, it may be 
of interest to know that copiesof the present edition are purchasable from 
the Regristrar of Colbv College, Waterville, Me., at the price of 60 cents each. 
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the materials forming it have possessed but little carbon dioxide and a 
medium amount of water and consequently in metamorphism have 
not changed greatly in volume or mass. While the table shows in a 
general way and with a fair degree of accuracy the changes taking 
place to produce such minerals, for any special application it may be 
necessary to extend it in order to take in materials in the original 
sediments not here considered. The computations have been carried 
out with accuracy to the final digit and therefore the only inaccuracies 
which would attend its use would be from a lack of definite knowledge 
in regard to the original and final composition of the sediments of any 
particular case. 

It is seen from the above table that wollastonite is produced from 
a siliceous limestone, diopside from a siliceous limestone containing 
some quartz. Vesuvianite commonly has a small part of its alumina 
replaced by ferric oxide, but here it is computed on an iron-free basis 
It is seen to be produced by a sediment not far in composition from that 
yielding grossularite, and has been observed together with it in rock 
sections. 

In epidote the aluminum and iron are interchangeable, the molecu- 
lar ratio of the two varying from 6:1 to 3 ^ -2. For this reason both zoi- 
site, the iron free epidote, an4 also the alumina free epidote molecule 
have their relations shown to the original sediments. If it is desired 
to find what sediments would furnish a given compound of the two 
molecules, it may be done by considering the ratio which is present in 
the mineral of the zoisite to iron epidote molecules and their respective 
molecular weights, that of the zoisite being 455, alumina free epidote 
451. In the same way any mixture of the albite and anorthitc mole- 
cules may have its relations determined, the data of each being here 
given. 

The soda which is frequently shown to exist in hornfels by the 
presence of a soda-lime feldspar may have existed in unmetamor- 
phosed strata in a variety of forms. In fresh material it might occur 
as a soda-lime feldspar or feldspathoid, but these being somewhat 
readily decomposed it would more naturally be anticipated as a 
hydrous silicate, especially as a zeolite. Merely to show in a general 
way the relations between an albite occuring in a hornfels and the zeol 
itc minerals analcite has been .selected. 

Orthoclase, being a mineral which often occurs in minor quantities 
in hornfelses, has been introduced for the sake of completeness. 
The greater part of it has probably come from yet undecomposed 
though finely comminuted orthoclase, which under the conditions 
of metamorphism has collected into definable crystals. Another part, 
however, is no doubt furnished by some of the many hydrous alkaline 
silicates reacting with other materials. 

Andalusite is seen to result from a clay upon the expulsion of the 
combined water, and is attended by the separation of a large amount 
of free silica, being the only mineral here considered which docs 
not come from the union of two or more minerals of decomposition, 
but on the contrary breaks into two minerals during the process of 
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metamorphism. Under that part of the uMe called "Results of 
Metamorphism" the percentages of the const it utents are given into 
which the sediments break up in the production of the metamorphic 
mineraL 

The latter is the only one of them remaining in the strata, the 
others escaping as gases, and thus its percentage indicates the amount 
of shrinkage. 

On being set free the gases expand to many times the original 
volume of the sediments, the numbers in the table being the volume 
to which they expand at o degrees centigrade and yto millimeters pres- 
sure, the unit being the original volume of sedime*its. In computing 
the volumes of the metamorphosed strata, the porosity factor, being a 
variable quantity, has not been included, but nevertheless it is seen 
that in all cases the shrinkage in volume is greater that the shrinkage 
in weight. 

Since to vac this tabic it mar aomctimcs bare to l>e anpplemcntcd. the 
method of compntion is p^c^ I>el6w: 

Grossnlarite, CasAlaCSiO^)^ 

SiOa 40. AljOt 27-7. CaO 37-3 per cent. 

Silica, Si03. mol. wt. 60* 

Kaolinite, H^AIsSiaO*. mol. wt. 2588. 

2H20=36. Al20t=102-8. 2SiOa=120. 

Calcite, CaCO«. mol. wt. 100. 

CaO=56. C0»=44. 

Using grossalarite as a ba«is of compution. 

22 7 t =o7'2; amt. of kaolinite required bv 100 parts of 

102.8 ' 

grossalarite. 

120 
' o-Qu — 26.5; amt. ot silica brought in by kaolinite. 

36 
67' 2 t =80; amt. of water bronj^ht in bv kaolinite. 

40 — 26*5=13*5; amt. of free silica required by 100 parts of gros- 
snlarite. 

1 no 
37*3 X — _ — =66 6; amt. of calcite required by 100 parts of grossularite. 
56 

44 
66*6 x____— 29*3; amt. of carbon dioxide brought in bv calcite. 

Thus: — 

57*2 Kaolinite | ( 100* Grossularite. 

13 5 Quartz 8.0 Water. 

66*6 Calcite / yields ' 29.3 Carbon dioxide. 

137-3 Sediments ) \ 137*3 

Bringing this to a basis in which the amount of sediments shall form 
the unit gives the following figures: — 

100 parts of se<liments consisting of 41.7 kaolinite, 9*8 quartz and 
485 calcite yield 72'8 parts of grossularite, 21*4 carbon dioxide and 
5*8 of water as shown in the table. 
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To compote the volumes divide each weight by the specific gravity 
of the substance, givinfi the ratio of volumes. Add together those 
forming the original bedtments and compare with the volumes of the 
several products of metamorphism. Thecompution for grossuiarite is 
as follows: — 

9-8-r-2 6 = 3*8 ; vol. of quartz. 

41-7-~2-5 =16*7 ; vol. of kaolinite. 

48•5-^2 6 =18 7 ; vol. of calcite. 

39.2 ; vol. of sediments. 

72-8-f-3-5 :=20'8 ; vol. of garnet. 

21•4-^ 00197= 10830 ; vol. of carbon dioxide. 

5'S-r- .00081= 7148 ; vol. of water vapor. 

Dividin^i^ each of these volumes by 39 2, to compare them to the vol- 
ume of the sediments as a unit, gives the composition by volume as 
indicated in the table. 
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CORRESPONDENCE. 



At a Late MfeETiNC of the New York Academy of Sciences 
J. J. Stevenson was elected president for the current year and E. O. 
Ilovey secretary. On account of the centenary of the publication of 
Playfair's ''Illustrations of the Huttonian Theory of the Earth," mem- 
orials of James Hutton and John Play fair were then read by profes- 
sors J. J. Stevenson, J. F. Kemp and R. E. Dodge. 

Professor Stevenson, after speaking of the conditions prevailing 
in British geology prior to the publication of Hutton's memoir in 1785, 
gave briefly the characteristic features of Hutton's doctrines and ac- 
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counted for the ease with which his work could be misunderstood 
and misinterpreted. He described the conflict to which the memoir 
led and emphasized the bitterness of those who opposed the doctrine 
on theological grounds. The preparation of Playfair's work was due 
as much to a desire to defend Huttort as to support his theory. Play- 
fair appealed to those opponents whose knowledge of the theory 
was derived chiefly from attacks made upon it: for them he showed 
that the theory is beautiful, symmetrical and in no sense inconsist- 
ent with the scripture. In dealing with the other class of opponents, 
led by Kirwan and De Luc, he used vigorous language, exposing their 
ignorance and insincerity and denouncing the virulence with which 
they had given a theological turn to the controversy. In defending 
the theory, Playfair brought his own great resources to bear, now cor- 
recting errors, now elaborating the doctrine and in some places broadly 
anticipating some of the great writers of later days. 

The inviting style gained many readers for the book, among them 
Greenough and his associates who founded the Geological Society of 
London, that theory might be replaced by observation. Hutton's 
theory attained final triumph in 1830 when Lyell published his "Prin 
ciples." Playfair's work hastened the birth of geology, as now un- 
derstood, by a full quarter of a century and finally divorced our sci- 
ence from cosmagony. 

Professor Kemp devoted his memorial more to the personal his- 
tory of Hutton, saying in brief: James Hutton was born in 1726 
and after his course at school and university, first studied law. but 
being too much interested in chemistry, gave it up after a year and 
studied medicine three years in Edinburgh and two years on the Con- 
tinent at Paris and elsewhere, taking his M. D. degree at Leyden 
in 1749. The career of a physician did not attract him much, how- 
ever, after all, and he turned his attention to agriculture. In 1752 he 
went to a farm in Norfolk, where his mind first definitely turned to 
mineralogy and geology. In 1754 he settled down on his ancestral 
estate in Berwickshire, where he remained fourteen years, with oc- 
casional visits to Edinburgh and more distant parts of the kingdom. 
In 1768 he gave up country life and removed to Edinburgh to devote 
himself entirely to the study of geology and kindred sciences. His 
untiring industry enabled him to accomplish a marvelous amount of 
work in chemistry and finally to elaborate the essays in geology which 
revolutionized that science and, with the elucidation given his work 
by Playfair's "Illustrations of the Huttonian Theory. of the Earth," 
raised it to the high plane which it has occupied ever since. Modern 
geology dates from the publication in 1802 of John Playfair's explan- 
ation, elaboration and defense of Hutton's theories. 

Professor Dodge said in part : To James Hutton we owe many 
fundamental truths now recognized in psysiography. and to John Play- 
fair we owe the elucidation of these ideas, and their application. 

The doctrine that rivers are the cause of their valleys, and the 
proof thereof is perhaps the most important f()undationaI idea that 
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we owe to the combined labor of these two geological worthies. 
Playfair's clear exposition of the possible origin of river terraces, his 
acute description of the relation of lakes to rivers, his analysis of the 
varied forms of shorelines, and his emphasis of the importance of 
initial shorelines, all clearly exploited in his **Ilhistrations." deserve 
to take rank with the much quoted passage on rivers and their valleys, 
as being accepted geographical truths far in advance of their time. 

Professor Dodge also read a paper entitled: *'An interesting Land- 
slide in the Chaco Canon, New Mexico." On a high mesa to the south- 
east of the Chaco Canon, and about four miles below Putnam^ New 
Mexico, is a series of stone monuments about five feet high and four 
feet in diameter. These monuments stand on the edge of a rim rock 
of an old escarpment nearly 300 feet high. The rim rock of the 
escarpment is a course brown sandstone capped by about two feet of 
thinbedded dark brown sandstone containing sharks' teeth. The face 
. of the escarpment has recently slipped along a series of joints running 
approximately parallel to the face of the escarpment, and in a general 
direction of S. 30 E. The recesses between slipped blocks can be 
sounded to a depth of over 50 feet, and arc wider at the base than 
at the top as a rule. 

In the slipping an ancient rock hogan twenty feet in diameter has 
slid 2.5 feet vertically and 8.3 feet horizontally without displacing 
the rock walls to any serious extent. 

The second paper by the same author, was on "Arroyo Formation.'' 
An arroyo is a steep sided, narrow gulch cut in a previously filled 
gravel and adobe valley in the arid west. 

The study of the process of formation of arroyos, some of which 
have been under observation for several years, seems to show that the 
work has changed from aggradation to degradation because of some 
influence that has caused the focussing of the running water. Such 
a concentration of water is made possible by overfeeding of the land, 
which removes the help of roots in holding soil particles, combined 
with the habit of cattle to move in processions along trails that make a 
natural channel for water. 

The study of the rate of valley filling or erosion is difficult, because 
of the tendency of arroyos cut in adobe to maintain nearly vertical 
walls, and because a fallen block of adobe may be scaled over in the 
next flood, so that it looks in place. This problem is of special im- 
portance, because the adobe deposits in some places contain relics of 
human occupation to the depth of many feet. The exact or even the 
approximate antiquity of the deposits cannot be definitely determined 
lx?cause of the several ways in which the order of events in such a case 
may be interpreted. 

Mr. van Ingren's paper was on "The Ausablc Chasm" and detailed 
some of the results of the author's own observations on that cele- 
brated locality besides referring to the work of others on the geology 
and physical features of the region. 

Edmixi) O. Hovev Stv;v^jrv. 
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Earthquakes in Nicaragua An earthquake ocurred in western 
Nicaragua about 1 1 : 40 today lasting for seventeen or eighteen sec- 
onds. Originated beneath and developed from, the south side of 
volcano Momotombo at the western extremety of lake Managua where 
its intensity was more than 300 mm. per second, or, between Vi aha 
Vif of the Rossi-Forel scale. Several adobe houses were destroyed 
and many badly damaged at the railway station, Momotombo, at west- 
ern foot of the volcanic mass, and it broke down part of the wharf 
at that station into the lake — also tumbled down from the wharf into 
lake a switching locomotive and one car loaded with coffee. No lives 
are reported lost. This earthquake extended in an east of north 
direction across Nicaragua into the Caribbean sea and in a west of 
south course into the Pacific, at Leon, Chinendega and Corinto its 
intensity was about 200 mm. per second ; in Managua, Granada and 
lake Nicaragua about icx) mm. per second. At Matagalpa and north 
eastward it was about 80 mm. per second. At the Nicaragua canal 
route through lake Nicaragua and west of that lake its intensity was 
about 100 to 150 mm. per second. The movement was undulatory 
with but little jarring — only such as is incident to waves of force mov- 
ing through strata and being reflected from strata of different dens- 
ities. An interesting phenomenon was numerous, high, short waves 
of water in lake Managua that continued to rise from the southwestern 
foot of the volcano for several minutes after the "earth-wave" had 
been felt and these waves of lake-water rushed across the lake and 
broke against the high southwestern coast like Labrador's high tides 
during a storm; they appear to have been caused by a fissure opening 
from the interior of the volcano into the lake through which pent up 
gases escaped, in force and quantity enough to prevent, for the time, 
the bursting forth into volcanic activity of the superheated, highly 
compressed gases forming beneath the volcanic mass miles down below 
the earth's serface. J. Crawford. 

Managua 24 March, 1902. 

Another earthquake ocurred last night in western Nicaragua — caus- 
ing much fear and disturbance at Momoton station, Leon, Chinendega 
and Corinto, and reported lighter at Granada, lake Nicaragua and 
about the w^estern part of the route approved for an interoceanic canal. 
Volcano Momotombo is now cmiting volumes of gases and vapors 
illuminated in their centre. No authentic reports as to details are 
received to this date* but judging from reports, this was about the 
same force as the earthquake at 11 140 on yesterday, 24th instant. 
If the facts in detail when known by me are found interesting enough 
or if other earthquakes occur I will inform you by the next mail. It 
is an unusual time of the year for earthquakes noted in Nicaragua. 
The moon is full and on the meridian when the first earthquake oc- 
curcd and on the horizon when the second one occured ; therefore ac- 
cording to the opinion of some the former should have been assisted by 
the moon and the latter retarded by it ; climate has been unusually cool 
until he evening of the 23rd instant, when it became quite warm, and 
continues to be unpleasantly warm. J. Crawford. 

Managua, 25 Mnrch^ 1902. 
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PERSONAL AND SCIENTIFIC NEWS. 



Mount McKinley, which is the highest mountain on the 
continent, Hes in the heart of the Alaskan range, and no one 
has yet reached its base. A. H. Brooks. 

On Apr. 7, 1902, Dr. Frank R. Van Horn was made 
professor of geology and mineralog\' at Case School of Applied 
Science, Cleveland, Ohio. 

Since 1898 the United States Geological Survey 
has been making systematic geologic and topographic surveys 
of Alaska. The annual appropriation by Congress for this 
work has been recently increased from twenty-five thousand 10 
sixty thousand dollars in order to extend the investigation of 
Alaska's mineral resources. This increase has not been ade- 
quate to the needs of the work. The mineral interests have 
developed so rapidly in the past few years, and surveys in this 
distant province are so expensive, that it has been impossible 
with only sixty thousand dollars yearly to satisfy many of the 
urgent demands for work in various parts of the territory. 

The Lawsuit of Pearson vs. the Great Northern 
Railroad was referred, by agreement, to judge Kelly of St. 
Paul, before whom the case was tried and argued about a year 
ago. This suit was referred to in tlie Geologist, vol. 28, 
p. 65, as it involved the science of geology in a pretended new 
**law'* for the origin and distribution of coal. Mr. Pearson 
laid claim to 1,500,00 dollars as hits share in certain coal de- 
posits in Montana. Judge Kelly has recently rendered his 
decision, awarding Mr. Pearson $500 on salary due him for 
services, from which it may be inferred that the new **laW," 
and the coal deposits claimed to have been discovered under 
its guidance by Mr. Pearson, were not considered, from a legal 
IX)int of view, of any more value than they are from a geo- 
logical. 

The United States Geological Survey has just issued, 
in Bulletin Xo. 177, a catalogue and index of its publications. 
This compilation ha«s been made necessary by the increase in 
the number of the publications, since the last catalogue was 
published in 1893, ^^^ ^^V ^^^ "ced of a convenient classifi- 
cation. The first part of the compilation is composed of 
notices of all the Survey's publicationis from its inception to 
date — the Annual Reports, Monographs, Bulletins, Water 
Supply and Irrigation Papers, tlie volumes of tlie old series 
of ^lineral Resources, Geologic Atlas Folios, Topographic 
Atlas Sheets, special maps and miscellaneous publications. 

The second portion of the volume is an index alphabetical- 
ly arranged, conii^rising 742 i)ages. It is a broad classifica- 
tion of the subject matter of the publications, yet sufficiently 
detailed to be of value in economic, scientific, engineering 
anrl educational lines. 
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THE HURONIAN QUESTION. 

By A. P. CoLBif AN, Toronto. 

In the history of geology it has often occurred that work- 
ers who have approached some difficult problem from oppo- 
site directions in the field have entirely failed to agree when 
they met, partly because certain aspects of the problem at- 
tracted attention on the one side and others on the other, and 
partly because of a confusion of terms, a given name being 
employed in different senses by the two parties. 

The best example of such a controversy in America is to 
be found in the treatment of the relationship and nomencla- 
ture of the Pre-Cambrian rocks around lake Superior by the 
geologists who began the study of these difficult formations 
on the north shore, and those who later took up the work on 
the south shore. 

The seemingly interminable dispute appears at last to be 
entering on a more hopeful stage when the two sides are ap- 
proaching an agreement regarding tlie facts of the field rela- 
tionships, though differing in the names to be applied to the 
different formations. The subject has been revived by the 
appearance of professor Van Rise's interesting and important 
work on the "Iron Ore Deposits of the Lake Superior Region," 
*in which he revises some of his previous opinions and at last 
admits that sedimentary rocks belonging to the iron range 
occur in the Archean, and that the gneisses and granites 
generally called Laurentian in Canada, have an eruptive 
relationship to them. His recognition of thi<i fact is due to 
his study of the iron ranges of the Vermilion and Michipicoten 
districts north of lake Superior, and it is satisfactory to find 

* 17. S. Gcol. Soc, 2l8t Ann. Rep., part 3. 
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that his interpretation of the facts coincides with that adopted 
years ago by the geologists of Canada and Minnesota. 

In reality he had already unconsciously admitted this point 
in earlier writings when in describing the Kitchi schists with 
their ferruginous cherts and jaspers near Marquette he in- 
cluded them in the Basement Complex ;* but it is well to have 
a direct confirmation of the views of the northern geologists 
by so able a student of the Pre-Cambrian as professor Van 

Hise. 

According to his new grouping the Pre-Cambrian includes 
three sedimentary series containing iron ores, the lowest, 
which he places in the Archean, corresponding to the Kee- 
watin or Lower Huronian of the Canadian and Minnesota 
geologists; the next which he calls Lower Huronian, corres- 
ponding to the Upper Huronian or so-called typical Huronian 
of Canada; and the uppermost, which he calls Upper Hur- 
onian, being the same as the Canadian and Minnesota Animi- 
kie. Professor Van Hise finds the same number and arrange- 
ment of fomiations, but believes the Animikie to be the equiv- 
alent of the Huronian of Logan and Murray, and therefore 
gives the formations a different set of names^. 

Professor Willmott in an excellent article on "The Nomen- 
clature of the Lake Superior Formations" t discusses tlie sub- 
ject and brings forward what appear to be conclusive proofs 
that the nomenclature mentioned above as used by the Can- 
adian and Minnesota geologists is the correct one. 

An editorial note in the same number of the Journal ot 
Geology signed with professor Van Hise^s initials says that 
the paper ^'proposes several radical changes from the succes- 
sion as held by those who have for many years laboriously 
studied this region. At the present time I shall not dis- 
cuss professor Willmott 's proposals. I merely wish to state 
that the evidence presented for them appears to me wholly 
inadequate, and I therefore record my dissent." 

As my own field work has lain for several years in the 
Huronian region of Ontario, in the course of which every im- 
portant area of that formation from the provinces of Quebec 
to Minnesota has been vjsited and most of the critical points 

• U. S. Geol. Sar,, Monograph xxviH, pp. 186-7. etc.; Ont. Bar. Mtnf, 
1900. p. 185. 

ijour. Geol., vol. x, No. 1, 1902, pp. 67*74. 
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studied, I wish to reinforce professor Willmott's position, 
which I believe to be sound. In regard to the editorial note 
mentioned, if it had read "radical changes from the suc- 
cession as held by those who liave for many years studied 
the region south of lake Superior,*' we could all have agreed 
with it; but the author of the admirable summary of the 
literature of this vexed subject in the U. S. Bulletin 86 must 
know that the conclusions reached by the northern geologists 
differ from those held by geologists south of lake Superior, 
and that some of them were expressed before the work on 
the south shore had begun. 

There are two points which should be kept in mind — that 
the subdivisions were first made and named on the nortK 
shore, and that the exposures on the north shore arc on the 
whole far better than on the south, where the drift is so much 
thicker as to hide much of the surface. The natural conditions 
are therefore in favor of the northern geologists. 

Since professor Van Hise now admits that some of the 
northern iron ranges are Archean, the main point left in 
dispute is the question of the relation of the Animikie to the 
Huronian. 

It is well known to all students of the Pre-Cambrian that 
Sir William Logan and his assistants and practically all 
other Canadian field geologists who have examined the north 
ihore are agreed in putting the Animikie above the Huronian 
with a great unconformity between. This has been the opinion 
of Dr. George Dawson, of Dr. Bell, of professor Lawson, or 
Mr. Mclnnes, who has mapped the region for the Canadian 
survey, and of others including professor Wlllmott and my- 
self in Canada, as well as of the geologists of Minnesota ; and 
most of these geologists have given reasons to support their 
opinions. 

The view that the Animikie and Huronian are identical 
was apparently originated by Irving and has been supported 
by professor Van Hise, but, so far as' my knowledge of the 
literature extends, by no one else who has visited the region. 
Irving apparently visited the north shore with a preconceived 
idea, made only a flying trip, and certainly misunderstood a 
number of points of vital importance. He appears to have set 
out with the idea that the Penokee iron range of Wisconsin cor- 
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responded to both the original Huronian and ttie Animikie; 
and that therefore the original Huronian and the Animikie 
must be equivalent to one another. He further believed that 
the Vermilion iron range of Minnesota was of the same age.* 

To support this view he compares the lithology of the Hur- 
onian of lake Huron with that of the Animikie and finds tnem 
alike. He states correctly that the Huronian of lake Huron 
consists essentially of a thick series of quartzytes and of gray- 
wacke conglomerate; but when he proceeds to describe the 
Animikie as consisting chiefly of quartzytes, he certainly goes 
bevond the facts as observed at Thunder bav and the coast as 
far as the Minnesota boundary. There the rocks of this series, 
as agreed upon by all geologists who have written on the sub- 
ject but himself, are mainly shaly slates passing downwards 
into black cherty rocks, and with sills of diabase at various 
levels, the uppermost looked on in earlier days as a '^crowning 
overflow." Yet he finds "on the west side of Thunder bay 
many hundred feet of ringing quartzyte and hard clay slate/' t 

After personal examination of that shore I can say with 
confidence that no hundreds of feet of any rock usually called 
quartzyte are to be found there, and in any case these dark 
earthy vsiliceous slates or cherts are as different in character 
as possible from the white or red or brown quartzytes north 
of lake Huron. 

In almost ever\' particular the Animikie rocks at Port 
Arthur are in striking contrast with the Huronian of lake 
Huron. Irving states, however, that thicker quartzytes exist 
along the Minnesota shore of Superior though his own descrip- 
tion of them is sufficient to show that thev do not resemble 
the quartzytes of lake Huron. They are spoken of as "at 
times arenaceous, in other cases hard, ringing quartzyte, again 
true clay slate, and in yet other places of an intermediate 
nature ;"J a description that is as far as possible from any 
rock series in the Huronian and especially from the character- 
istic glassy quartzyte. We may conclude then that the lith- 
ological argument is not in favor of the equivalence of the 
two series of rocks. 

As a support to his revolutionary view he states that Logan 
was so much in doubt regarding the Animikie that he placed 

• U. S. Geol. Sur., 3d An. Rep., p. 170, etc. 
t J bid., p. 100. 
t Ibid., p. 158. 
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''a strip of rocks along the north shore of Thunder-bay, which 
are most plainly part of the Animikie slates/' in the Huronian. 
It is indeed difficult to account for such a statement, for there 
is actually a strip of steeply tilted green schist along that shore 
which Logan properly called Huronian, and resting on it 
are remnants of Animikie, proving in the most conclusive way 
the discordance of the two series. Irving apparently failed 
to see these schists, along which I have walked for miles,* 
and his statement regarding Logan's position is clearly due to 
his own lack of local knowledge. He was not aware that 
typical examples of both Huronian and Animikie occur along 
that coast, the more prominent points, which no doubt, specially 
attracted his attention, being Animikie. 

That Irving confused two totally different formations in 
the Port Arthur region is evident from several other state- 
ments. He mentions the ^'arenaceous flat lying ferruginous 
beds along the Dawson road immediately back of Port Ar- 
thur" and in the next sentences includes with them the con- 
torted and brecciated banded jasper^ of the Lower Huronian 
found in the same general region.! If he had done a little 
more detailed work he might have found convincing evidence 
of an immense break between the two. The banded siliceous 
rocks of the iron range occur in typical form near Kaministi- 
, quia 'Station on the Canadian Pacific railway and in Coumee 
township and at other points to the south and southwest. 
They have a steep dip, are often crumpled and folded and 
brecciated and arc as different as possible from the flat lying 
cherts etc., sometimes containing iron ore, at the base of tlie 
neighboring Animikie a few miles to the south. These iron 
bearing siliceous rocks are practically continuous with the 
Mattawin and other iron ranges connecting with the Ver- 
milion range in Minnesota, which professor Van Hise makes 
Archean, and the schists with which thev are associated mav 
be found at Kakebeka not far off still steeply tilted, underlying 
horizontal cherty dolomyte of the Animikie. 

The improbability that these folded, tilted, schistose rocks 
should belong with the flat unmetamorphosed Animikie slates 
seems to have troubled Irving, however; for he sa\-^ "accept- 

• Bur. Mines, Ont., 1900, p. 149. 

t U. S. Geol. Sar., 5th An. Rep., p. 204. 
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ing for the time some of them as Huronian, we are immedi- 
ately confronted with a structural problem of a great deal of 
difficulty, i. e., the relation of these folded schists to the un- 
folded Animikie series."* And he goes on to explain that the 
Animikie towards the north is found to lie against a belt of 
granite and gneiss, north of which again come the belts of 
folded schist ; and that the two were once continuous and arc 
now separated merely because of the erosion of the crowns 
of the folds between them. 

The evidence that the folded schists with truncated edges 
underlie the flat Animikie itself, and therefore cannot be con- 
tinuous with it, is to be found immediately on the shore of 
Thunder bay, as noted by Logan, but overlooked by Irving; 
and the supposition of a band of Laurentian between them 
is incorrect. 

However, since Irving's days much has been learned of the 
Precambrian, and it has been proved that the rocks mapped 
by Logan a« Huronian include two distinct series separated 
by a great unconformity; so that we have an Upper Huron- 
ian sharply divided from a Low'er Huronian, w^hich includes 
near its summit the iron ranges of Ontario and the Vermilion 
range of Minnesota. The arguments presented to disprove 
Irving's correlation of the Huronian rocks of the Port Arthur 
region wath the overlying Animikie apply only to the Lower 
Huronian, i. e., to the iron range and its associated schists. 

It may still be argued that the Upper Huronian is the 
equivalent of the Animikie, and this is the position taken by 
professor \'an Hise ; who can of course no longer defend Irv- 
ing's position, since he places the Vermilion series, which" 
Irving made Animikie, in the Archean. 

If wc do not admit the lithological resemblance between 
the Animikie and the Upper Huronian, it may still be said 
that the two regions are too far apart to make lithological cri 
teria useful. Those who advocate the equivalence of the two 
may point to the fact that the so-called typical Huronian, the 
region mapped by Murray, resembles the Animikie in the 
gentle dip of the strata, which are often almost horizontal ; 
while other parts, wrongfully called Huronian, have steep 
dips and are closely folded. 



• Ibid., p. 206. 
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This argument applies only to the small area north of lake 
Huron described and mapped by Murray. It does not apply 
to the other localities described by Logan in his formal sum- 
ming up of the question in 1863, when his mature views were 
expressed; for the Huronian of lake Temiscaming and of 
Dore river consists of steeply dipping schists and slates. 

In reality the so-called typical Huronian is quite excep- 
tional in more ways than one, as may be seen by a comparison 
with the other regions described. 

The dips of the strata mentioned by Logan and Murray 
are from 18* to 45* on a section near Echo lake, and more to 
the eastward they gradually diminish until just beyond Thes- 
salon they become nearly horizontal, with a slope seldom more 
than 6'; while in almost all other parts of the Huronian the 
dips are more nearly vertical than horizontal, and are often 
for long distances practically vertical. Even within a few 
miles on each side of the region istudied by Murray we find 
the usual steep dips ; e. g., at Garden river five miles west of 
Echo lake the dip of the Huronian limestone is 70" to 80'; 
and a mile or two east of Blind river, just beyond the part 
mapped by Murray, the quartzytes and schist conglomerates 
have dips of from 75'* to 90*, more often the latter, and the 
same dips occur for fourteen miles to the east along the line 
of the '*Soo*' branch of the Canadian Pacific railway. 

One may safely say that dips less than 45* are everywhere 
rare except in the Thessalon region where Murray worked, 
and that in most parts the dips are not far from verticality. 
The cause of this is to be found in the fact that normally the 

m 

Huronian of northern and western Ontario forms close folds, 
generally nipped in between Laurentian areas; while the area 
mapped by Murray has gentle open folds and has undergone 
less squeezing. 

One expects also to find the Huronian north of lake Hur- 
on less sheared and rearranged by the action of mountain 
building processes than elsewhere, and this is actually the 
case. The quartzytes, arkoses and "slate" conglomerates mak- 
ing up the bulk of the original Huronian are less schistose 
and less crystalline than the rocks of normal Huronian areas ; 
but on the other hand they are more metamorphosed than any 

• Geol. Cmn„ 1863, p, 62. 
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of the Animikie rocks of the Thunder bay region, where the 
nearly horizontal shaly slates and impure dolomytes with 
oolitic layers of chert and jasper hardly show any hints of 
metamorphism and have a surprisingly modern look as com- 
pared with even the Huronian of Thessalon. 

When we take into account this fact, and also the fact 
that every known region of Upper Huronian is characterised 
by having at its base a great thickness of schist conglomer- 
ate of very peculiar and easily recognizable character, while 
the Animikie shows only a thin basal conglomerate entirely 
different in appearance, it is evident that the evidence is op- 
posed to a correlation of the Animikie with the Upper Huron- 
ian. 

Let us turn next to the stratigraphical relationships of the 
Upper Huronian to the lower Huronian, and of the Animikie 
to the Lower Huronian. There can be no doubt that the great 
basal conglomerate of the L'pper Huronian, found from 
point to point for at least 800 miles acress northern Ontario, 
represents a long time interval between the two formations 
during which great erosion took place, yet in general no im- 
portant unconformity in attitude has been noted between them. 
• Wherever the two have been distinguished we find the schist 
conglomerates having the same strike and the same nearly 
vertical dip as the adjoining schists or the iron range rocka 
of the Lower Huronian, clear evidence that the two series 
of rocks have undergone to a large extent the same squeez- 
ings, shearings and foldings and so have developed similar 
schistose structures. As shown by professor Willmott, they 
have both been affected by the eruption of the adjoining Laur- 
entian areas. So far as my own experience goes the paral- 
lelism of strike and dip between the Upper and Lower Hur- 
onian is complete, though in some cases the Upper or the Low- 
er iseries may be found without the other, when of course, evi- 
dence must be wanting on this point. Even in the original 
Huronian region, where the Lower Huronian is largely absent, 
there are some rather uncertain examples of this parallelism, 
as for instance at the north end of Echo lake, where the lower 
"slate" conglomerate rests upon green schist, which is prob- , 
ably Lower Huronian. 

We may hold then that in general when the two subdivis- 
ions of the Huronian occur together they are parallel as to 
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strike and dip, having been acted on by the same mountain 
building" forces. 

Everyone who has examined the relations of the Animikie 
to the Lower Huronian has found a quite opposite condition 
of affairs. The Animikie, wjth very little in the way of basal 
conglomerate or in many cases none at all, rests horizontally 
on the steeply tilted Huronian and Laurentian schists, and has 
therefore been deposited since the whole of the folding and 
tilting of the Huronian took place; so that it has not at all 
the relations to the Lower Huronian found where Upper and 
Lower Huronian occur together in other partis of northern 
Ontario. 

The most satisfactory proof of the later age of the Anim- 
ikie would be to find it resting unconformably on the Upper 
Huronian schist conglomerate, but up to the present no out- 
crop showing this has been observed. 

Though this absolutely conclusive evidence is lacking, the 
nearest outcrops of Upper Huronian conglomerate are so 
different in character and attitude as to make the discordance 
suggested very probable. At Heron bay on the east there 
are steeply tilted, greatly sheared schist conglomerates par- 
allel with iron range rocks of the Lower Huronian. A few 
miles to the north of Port Arthur Dr. Bell reports dioritic 
conglomerates, with various slates or schists and some quartz 
ytes, evidently normal Upper and Lower Huronian rocks 
as different as possible from the belt of flat lying Animikie 
just to the south, though unfortunately he has not recorded 
the dip: and he mentions the same conglomerates within 
eight miles of the Animikie near the Kaministiquia river.* 
Prof. Willmott has found Upper Huronian conglomerate of 
the ordinary type west of Port Arthur and only a short 
distance from the Animikiet ; and schist cong/omerates have 
been observed by Mr. Mclnnes at various points in the She- 
bandowan region to the west,t as well as by Dr. Lawson to the 
southwest on lake Saganaga, § and still farther west on Seine 
river. Rainy lake and lake of the Woods. 

We find characteristic schist conglomerates of the Upper 
Huronian, steeply tilte d and parallel in position with the Lovv- 

• Geol. Sur. Can., 1866-69, pp. 326 and 329. 

ijour. GeoL, vol. x. No. 1, 1902, p. 74. 

t Geol. Sur. Can., 1897, pp. 18 and 19 H. 

§ Lake Saperior Stratijcraptay, Am. Gbol., toI, tH. 1891, p. 324. 
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er Huronian schists, from point to point for hundreds of miles 
on each side of the Animikie region and within a few miles 
of the Animikie strata themselves, and we find the steeply 
tilted Lower Huronian schist, with which the Upper Huron- 
ian ever}'where else is sliarply folded, underlying the level, 
undisturbed Animikie sediments. How much probability is 
there that this particular part of the Upper Huronian should 
have escaped the fate of all the rest and remained flat and 
unaffected when undoubted Upper Huronian rocks were nipped 
into close folds and changed into thoroughgoing schists, with- 
in a few miles to the north, and almost everywhere else 
throughout the whole province. 

The Animikie rocks are entirely different lithologically 
from those of any part of the Upper Huronian, consisting 
of shaly slates, cherts and dolomytes instead of schist con- 
glomerates and quartzytes; they are almost unchanged sedi- 
ments, while the Upper Huronian is everywhere more or less 
recrystallized and schistose; they are lying unconfonnably on 
the upturned edges of the Lower Huronian schists, while the 
Upper Huronian wlierever associated w^ith the Lower Huroni- 
an is parallel with it and caught in the same set of folds. Why 
should two such entirely different series of rocks be confound- 
ed under the same name? 

Professor Van Hise has naturallv followed the lead ot 
his senior in the region where both have done so much val- 
uable work; but he has shown that the logic of facts opposes 
part of Irving's theories in his classification of the Vermil 
ion series as Archaen instead of Animikie: and wx may hope 
that he will not continue to support Irving's other erroneous 
view concerning the equivalence of the Animikie with the 
original or Upper Huronian when he studies tlie facts in the 
field. 

It is a little astonishing that Irving should have seen fit 
to put his own view of the Animikie, arrived at after what 
seems to have been a very hurried and imperfect study, against 
the matured opinions of Logan and all the other geologists 
who worked in the region ; and we may hope that the con- 
fusion of terms between the northern and southern geologists 
which his. mistake has brought into Pre-cambrian geology 
will srx>n be set right, now that the two scliools of geolo- 
gists have met on the same ground. 
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THE ORIGINAL SOURCE OF THE LAKE 
SUPERIOR IRON ORES. 

By J. B. Spurr, Constantinople. Turkey. 

In 1893 the author spent a few months on the Mesabi 
range in Minnesota, where he became interested in the genesis 
of the iron ores. He spent the winter working up the resuhs 
of his trip; then, being obHged to reluctantly leave the fasci- 
nating field, he threw the results of this work into a hasty bul- 
letin, and departed. It was his hope that at some future time 
he might find opportunity to revise and extend his study, but 
fate has led him in other paths. 

After eight years of experience and reflection, the author 
is seized with the desire to use the pruning knife vigorously, 
whenever he looks at his first publication. Yet in the main 
thesis of the work — the origin of the iron ores — he still finds 
his youthful satisfaction. And the gradual acceptance by 
most geologists of his general conclusions in this regard, to- 
gether with the circumstance that there is, among some, a slight 
misunderstanding of the details, have prompted him to write 
this sketch of his present views. 

THE LAKE SUPERIOR IRON-BEARING ROCKS. 

It is well known that the most important iron-mining reg- 
ion in the world is near the western half of lake Superior. 
Within this region, and comparatively close together, are sep- 
arate districts or ranges, — thus called not so much on account 
of their topography as because in them the ore-bodies are 
grouped in linear arrangement, following the outcrop of cer- 
tain sedimentary formations. The Marquette, the Menom- 
inee, the Gogebic, the Vermilion, and the Mesabi ranges are 
the chief ones. The first three are on the south side of the 
lake, in Michigan and to some extent in Wisconsin ; the last 
two are on the north side, in Minnesota. 

Xot only the geographical grouping, but the nature, ap- 
pearance, and geologic relations of the ores in these different 
districts have marked them since the days of their earliest 
scientific investigation as belongfing to a single general class 
of ore-deposits, and thus they are usually referred to as simp- 
ly the lake Superior iron ores. 
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The ores in the several districts do not all belong to the 
same geologic period. According to the latest results of the 
U. S. Geological Survey, there are ore-bearing horizons in the 
Archean, the Lower Huronian, and the Upper Huronian. 
Yet the appearance of the ores and the containing rocks in 
each district is such as to show a close relation and to suggest 
a common origin. 

It is true that even in a single district the ores and ore- 
bearing rocks exhibit a great variety. But everywhere a band- 
ed structure of crystalline or cryptocrystalline silica and iron 
is characteristic, and in the older and greatly altered forma- 
tions, such as those of the Vermilion (Archean), there is lit- 
tle else. In the eastern Menominee (Lower Huronian) the 
rocks consist chiefly of this banded silica and iron, but there 
are many apparently fragmental quartz grains. In the Lower 
Marquette (Lowxr Huronian) there is the same banded silica 
and iron, but chiefly at the top of the peculiar iron-bearing 
formation; further down there is ferruginous chert and vslate, 
griinerite-magnetite slate, and sideritic slate, the last especially 
toward the bottom. In the Penokee-Gogebic district (Upper 
Huronian), the peculiar iron-bearing formation consists chief- 
ly of sideritic slate and slaty and cherty iron carbonate, ferru- 
ginous slate and chert (where the iron is mostly oxide), and 
actinolite and magnetite ischist. Finally, the Mesabi range 
contains all of these rocks in its iron-bearing formation. There 
is the banded silica and iron (**jaspilyte") of the older ranges, 
with the cherty siderite, the sideritic chert and slate, and the 
hematite-magnetite-actinolite schist and slate of the Marquette 
and Penokee-Gogebic. There is, besides, a large class of rocks 
not identified in the other ranges. They vary greatly in color, 
etc., but are all characterized by small, typically rounded gran- 
ules, often visible only under the microscope. They are the 
spotted' granular rocks of the present writer. 

The Origin of the Iron-Bearing Rocks. 

The banded silica and iron which is the chief rock in the 
older ranges offered to investigators little clue as to its or- 
igin ; it was even at first supposed to be a primary rock. 
The earliest exploited of the districts was the Marquette. 
Here the banded silica and iron was taken to be an unaltered 
(^r little altered rock, and an erui:)tive origin was assigned to 



Lake Superior Iron Ores. — Spurr, 337 

it by Foster and Whitney (1851) and by Wadsworth (1880).* 
Credner (1869) and Brooks (1873) favored the idea that the 
iron ores were old limonite beds in a sedimentary series, sub- 
sequently metamorphosed. Likewise the banded silica and 
iron of the Vermilion range was supposed by N. H. and H. 
V. Winchell (1889-1891) to have been orginally fomied in 
practically its present condition, but instead of adopting the 
eruptive theory of the geologists on the south shore of lake 
Superior they advanced the hypothesis of direct chemical pre- 
cipitation from the waters of a hot primordial ocean, the silica 
and iron being supposed to have been alternately precipitated. 

It was chiefly by observations in the geologically younger 
districts, where, besides the banded silica and iron, there were 
found many other rock-types which were transitional into the 
banded rock, that the idea originated that not only this band- 
ed rock, but also many of the associated phases, were second- 
ary, and were derived from some original rock by a thorough 
internal alteration and chemical interchange. Irving and Van 
Hise, by their work in the comparatively little-altered rocks of 
the Penokee-Gogebic district (about 1888-1892), advanced the 
question enormously. They showed that the ferruginous 
slates and cherts, where the iron is in the oxidized state and 
is more or less banded with silica, and even the actinolite and 
magnetite schists, have resulted from the alteration and re- 
crystallization of the slaty and cherty iron carbonate. At first 
Irving adopted the theory that this iron carbonate had been 
formed by the replacement of an original limestone, t but he 
afterwards abandoned it, and considered the chertv carbon- 
ate to have been the original rock. In regard to the iron the 
following statement was made:t 

**Whether the iron was originally precipitated as a car- 
bonate, or was decomposed and precipitated as a hydrated 
sesquioxide, just as limonite now forms from iron carbon- 
ate in places where bog ore is depositing, is uncertain. If 
the latter is taken to be the case — and it is perhaps the most 
probable supposition — it is necessary to believe that the or- 
ganic matter zvith zMch the litnonite was associated reduced 

* Later (1898) Wadsworth came to believe that the iron>bearing: rock m 
were metamorphosed sediments. 

t Am. Jour. Set., (111) » vol. zzzii, Oct., 1886. 

X IRTINO and Van Hisb, Tenth Ann. Rept., V. S, Geol. Snrr., The Penokee 
Iron-Bearingr Series, p. 396. 
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the latter to the protoxide,"^ and by decomposition furnished 
the carbon dioxide to unite with the protoxide, and thus repro- 
duce iron carbonate." 

Concerning the silica, they wrote:! 

*'Our conclusion is then : First, that the chert was mainly 
deposited simultaneously with the iron carbonate with which 
it is so closely associated ; and second, that it is probable that 
the chert is of organic origin, t although we have no positive 
proof that it is not an original chemical sediment, while it may 
in part be from both sources." 

In 1893, the present writer perceived that most of the mul- 
titudinous rock phases of the Mesabi iron-bearing fomiation 
were secondary and were derived from one another by rear- 
rangement and cr}'stallization. He saw this and worked out 
most of the changes even before he had the opportunity, on 
returning from the field, to read the literature of the iron-de- 
posits on the south shore of the lake. The discovery, that 
what he feared might be deemed a too radical conclusion had 
already been sustained for the Penokee-Gogebic range, en- 
couraged him, and he set about to continue his investigations 
with the aid of the microscope. Further work showed that 
while the variety of rocks in the iron-bearing formation was 
great, they were not so dissimilar in their internal structure 
as in their outward appearance. There were sideritic cherts 
and cherty carbonates, banded hematite and cherty silica, mag- 
netite-hematite slates, actinolite slates, etc., like the rocks which 
had been described from the Penokee-Gogebic. But these 
were all evidently greatly altered rocks and further removed 
from the original source than certain abundant kinds which 
he called the spotted granular rocks, from their being under 
the microscope made up of many rounded or angular or ir- 
regular granular bodies in a generally siliciou»s matrix. These 
granules give a mottled and fragmental appearance to the 
the granules are composed of silica, generally of finer texture 
than the silica of the ground-mass, with siderite, hematite, lim- 
onite, magnetite, and a green hydrous ferrous silicate, in all 
combinations and proportions. § There are besides various sub- 
ordinate minerals, such as actinolite, calcite, apatite, epidote, 

- - - ■ 

• The italic* are mine. (J. B. S.) 

f Op. cit., p. 397. 

t Tbf ItallcH «r# wine (J. B. %.) 

8 Bull. A', Minn. Geol. and Nat. Hist. Surv., pp. 188-189. 
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pyrite and clayey matter. In the least altered rocks the granules 
were found to be made up almost exclusively of the green fer- 
rous silicate. The other forms of iron, — the carbonates as well 
as the oxides — ^were found to be derived from alteration of 
this original silicate. It was shown that this silicate is un- 
stable, and that decomposition begins by the appearance of 
very tiny transparent rings of silica scattered through the 
mineral. These rings steadily grow, till in the last stage they 
meet and form a continuous mass of silica. In proportion a^ 
the silica separates out, the remaining portion of the gireen 
mineral becomes darker and opaque from the separation of 
iron oxide, so that finally the original mineral has disappeared, 
leaving a mixture of hydrous iron oxide and silica. 

From this condition the silica changes somewhat by coars- 
ening of texture and by changing of position; and the iron 
may change into carbonate or magnetite, with or without the 
assumption of crystalline form. Subsequent changes often 
bring this siderite or magnitite back to the hematitic or limon- 
itic condition, and thus the fluctuation is kept up indefinitely. 
All these changes and many more were demonstrated by mic- 
roscopic work, and the alteration of the spotted-granular rock, 
not only to sideritic chert, but also to banded iron and silica, 
and even into iron-ore bodies, was followed in all its stages. 

The evidence put forward as to the derivation of the 
Mcsabi iron from an original green hydrous ferrous silicate 
was accepted by the state geologist and others of the Minne- 
sota survey, and by outside scientific writers in general. It 
was not fully accepted by the United States Geological Survey 
until its parties had made a thorough study of the Mesabi ; 
but on emerging from this study they also have agreed that 
the iron ores **have resulted from the alteration of certain 
rocks containing green granules, which, on analysis, prove to 
be essentially ferrous silicate."* 

The present writer agrees with the geologists of the United 
States Geological Survey, with those of the Minnesota survey, 
and so far as he knows, most others, in believing that the 
greater part of the ores of the Lake Superior region have had 
a common origin. The iron-bearing formation of the Peno- 
kee-Gogebic region lies, like that of the Mesabi, in the Upper 

• Bag. mnd Mia.Jowt., Firb. 8S« l»Ot, p. Q7t. 



340 The American Geologist. June. 1902. 

Huronian. It is 800 to icxx) feet thick; the present writei 
estimated the thickness of the Mesabi iron-bearing formation 
at from 500 to 1000 feet. The Gogebic iron-bearing forma- 
tion is underlain by a persistent quartzyte 500 feet thick, and 
overlain by a very thick (12,800 feet and less) series of slates, 
etc. The Mesabi formation is likewise underlain by a persis- 
tent quartzyte of approximately 500 to 800 feet in thickness, 
and overlain by a very thick series of slate. The Mesabi and the 
Gogebic are only a hundred miles apart, and the strata of the 
two districts dip toward each other, those of the Mesabi south, 
those of the Gogebic north. It is therefore probable that the 
iron-bearing member is identical in these ranges. Most of the 
other iron ranges are provedly of different age, some being 
Lower Huronian and some Archean; but the same peculiar 
types of rocks as those recognized in the Mesabi and Gogebic, 
although far more altered and with the fresher types lacking, 
are associated with the ore deposits, and point most strongly 
to a common origin. 

The Nature of the Original Ferrous Silicate. 

There remains but one question on which there is not 
a fairly general agreement. — the nature of the hydrous green 
ferrous silicate which the writer has shown to be the source 
of the iron. 

In his original investigation the writer summed up hi«s 
inquiries as follows:* 

"Chemically, it is essentially a hydrous protosilicatc of iron, with a 
small amount of alumina, variable small amounts of calcium and mag- 
nesium, and trifling quantities of the alkalies. Chemically it seems 
more closely related to glauconit^ than to any other mineral, and 
differs chiefly in the absence of the usual larger amount of potash. 
Another way in which it differs from the ordinary glauconite js that the 
iron here is normally in the protoxide state, while in nearly all the 
reported analyses of glauconite it is mainly in the sesquioxide condi- 
tion. * ♦ * ♦ 

"The specific gravity of glauconite is given by Dana as from 2.29 
to 2.35 ; while we have found that of our mineral as higher than 2.8. 
But the glauconite of the St. Lawrence limestone (Upper Cambrian) 
of Minnesota, analyzed by professor S. F. Peckham, has according 
to him, a specific gravity of 3.634: and from the chemical composition 
of the mineral it must be that in many cases the density rises above 3. 

♦ Bull A', Minn. Geol. and Nat. Hist. Surrey, p. 935-7. 
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"Optically, the mineral has been found by professor Wolff to have 
all the characters of glauconite. 

"Its habit, so far as can be made out, is also that of glauconite, 
in that it occurs in disseminated grains through a sedimentary bed, 
and that these grains appear to have had originally rounded outlines, 
due to attrition. 

"We must conclude, therefore, that the mineral is probably a var^ 
iety of glauconite* The characters by which it differs from the or- 
dinary mineral may be explained in two ways. In regard to the small 
amount of potash, it may either be believed that this substance was 
absent from the original composition of the mineral, or that it ha» 
subsequently been removed by solution. But since its absence is ac- 
companied by the presence of iron in the ferrous condition, we find 
it difficult to believe the latter supposition ; for the same agents which 
would remove the alkalies would probably effect the oxidation of the 
iron. In regard to the excess of protoxide, again, it may be believed 
either that the iron of glau<;onite is normally a protosilicate, and 
that the analyses which show an excess of the sesquioxide are from 
more or less oxidized specimens ; or, as seems more probable, that 
there may have been an original difference.'' 

This conclusion as to the nature of the green hydrous fer- 
rous silicate was for a long time unchallenged. Recently, 
however, professor N. H. Winchell, who had formerly consid- 
ered the mineral glauconite, has brought forth arguments 
favoring the idea of a volcanic origin of the mineral.! The 
writer regrets that he has not the report in question at hand 
at present, to go into this inquiry a little further. 

Still more recently, ^lessrs. Van Hise and Leith have an 
nounced that the mineral cannot be glauconite. Not having 
the original paper, the wTiter is obliged to quote from reviews : 

"This silicate, which occurs in green granules and is 
termed glauconite in the Minnesota reports, is here stated 
to contain no alkalies,t and thus is not glauconite ,% hut a fer- 
rous silicate y\\ 

**The most interesting of the late developments concern 
the origin of the iron ores. They have resulted from the al- 
teration of certain rocks containing green granules, which on 
analysis, prove to be essentially ferrous silicate. They lack 

* ItalicH not present in orin^inal. (J. B. 8.) 

f Fiaal Report, Minn. Oeol. and Nat. Hist. Sarrey, toI. v. 

t i. e., in propbmor Van Hisb's paper on the iron-ore deposits of the Lake 
Superior Region, 21at Ann. Rep., U. S. Geol. Sur., part iii. 

§The italics are mine. (J. B. S.) 

II Review in Ambkican Gbolooist, Jan., 1902, p. SI. 
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potash, and so cannot be glaitconite and of organic origin* 
as ^upp«J^ed by SpurT.*'f 

This is hardly sufficiently tangible. The statement that the 
mineral is a ferrous silicate, and the obser\-ation concemmg 
the absence of the alkalies, potash and soda, reiterate those of 
the present writer. The reader will doubtless be puzzled to 
know, as much as is the author of this article, why the same 
characteristics, which the author considered compatible with 
the consideration of the mineral as glauconite, should now be 
stated as full proof to the contrarv*. 

The last sentence quoted above may be resolved into two 
>tatements — First : **They lack potash and so cannot l>e glau- 
conite" : and second. "They lack potash, and so cannot be ot 
organic origin." The first statement admits of a discussion ; 
hut the logic of the second does not appear. It is probable, 
however, that this last is a hasty statement, and was hardly 
meant, for in the next paragraph, after speaking of the evi- 
dence of sedimentar}* origin of the iron-bearing formation, 
and advancing the h\*pothesis that the iron was precipitated 
from the sea-water as limonite. the author oi the report goes 
on to sav : 

''The limonite settled and became mingled Zt'ith organic 
material, the presence of which is shown bv the association 
with carbonaceous slates, and zeas reduced to the protoxide 
form. The simultaneous decomposition of the organic ma- 
terial freed carbon dioxide. Sihca also precipitated ( chert is 
known to develop imder such conditions) probably through 
the agency of organisms. Both of these substances could com- 
bine readily with the iron protoxide, hut in the case of the 
.^fesabi rocks the main combination was the protOA-ide and sil- 
ica, t giving the ferrous silicate which we now find." 

Therefore, after all. the author assigns an orinmic origin to 
the ferrous siHcate, and the question may l>e dropj>ed. Briefly, 
he !>elieves that iron protoxide reduced t > this fonn by organic 
material, and silica precipitated by the same agency, united 
to form the hydrnis ferrnu> silicate. This is exactly the 
theorv which is generally held, and which the present writer 
hokls. concerning the origin nx glauconite. 

• The italics arc mine. 'J K. S.» 

f Report of paper before the Geological Socictr of Washington, bv C. K. 
Lbith. in Enar. and Min.Jour.. Feb 22. 1902. p. 277. 
t The italics are mine, i J. E. S. » 
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So the differences between the views of the present writer 
and those of Messrs. Van Hise and Leith resolve themselves 
to still smaller dimensions. Each believes that the original 
source of the iron is a. hydrous ferrous silicate of organic 
origin) and the remaining point is fortunately a slight one, 
the writer having decided to call the mineral glauconite, and 
his fellow-geologists objecting to this nomenclature. 

Just, then, w^hat is glauconite and what are its limits? Can 
our mineral be classed with the glauconites, or must we name 
it with a new name? 

First, as to the chemical composition. Our mineral is, I 
repeat, "essentially a hydrous protosilicate of iron with a small 
amount of alumina, variable small amounts of calcium and 
magnesium, and trifling quantities of the alkalies.''* Dana 
defines glauconite as "essentially a hydrous silicate of iron 
and potassium; but the material is mostly, if not ahvays, a 
mixture, and consequently varies much in composition^^ In 
Dana's Manual of GeologyJ the New Jersey glauconite is de- 
fined as "a soft, dark or light green silicate of alumina, iron, 
and potash, with water." Zirkel defines the mineral as "a 
hydrated silica of chiefly ferrous iron (or ferric iron), with 
potassium, also some alumina and calcium. "§ Neither Dana 
nor Zirkel gives a chemical formula for the mineral — ^it has 
none. 

As regards the different elements present in glauconite, 
the writer finds in the few analyses at hand alumina varying 
from 15.21 per cent to i per cent; magnesia from 16.60 pei 
cent to .57 per cent, lime from 3.30 per cent to a trace ; potash 
from 7.91 per cent to less than i per cent; soda from 1.28 per 
cent to nothing; and water from 12.60 per cent to 4.71 per 
cent. As to the iron oxide, it varies from 30.(39 per cent to 
16.50 per cent. The silica ranges from 40 per Cent to 52.86 
per cent. 

In the course of his investigation of the Mesabi rocks the 
writer had two analyses made of the green silicate, by two dif- 
ferent methods. The only difficulty lay in the free silica, 
which was so dis-seminated in it that a thorough exclusion 
was impossible. It therefore became necessary to estimate the 

♦ BuU. X. Minn. Geol. and Nat. Hist. Surr., p. 235. 
t The italics are mine. (J. B. S.) 

t Third edition (the only one I have access to), p. 58. 
$ Lchrbuch der Petrograpbie, 2d edition., voK ili, p. 728. 
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exact amount of silica in the silicate (which was taken at 50 
per cent), and from this to compute the proportions of the 
bases. The results of these two analyses are given below, side 
by side with three analyses of undisputed glauconites: 

Glanconite, Glaaconite, 

Grodno French Gtanconite, Mesabi Mmabi 

Valley. creek. Pari* srcen ifreen 

Rassia.* Peana.t Basin. t mineral. $ tnineral.*t 

Silica 49 7e 52.86 4000 50 00 50.00 

Alumina 8.18 7.08 1.00 5.54 7.26 

Seiquioxidc of iron 16.80 7.20 \ 04 70 ^'^^ ^'^^ 

Protoxide of iron.. 3.77 19.48 / 26.56 17.91 

Maj^imia 3.97 2.90 16.60 3.78 5 45 

Limr 0.41 trace 3.30 2.59 1.71 

Potash 7 57 2.23 1.70 .41 .31 

Soda 52 trace .45 trace. 

Water 9.82 84.3 12.60 2.54 7.54 

100.00 100.18 100.00 99.92 99.99 

Among these analyses the writer considers that Xos. 2 and 
5, ai] undisputed glauconite and the Mesabi green mineral, 
are fnuch closer together than i and 3, two analyses of glau- 
conite. 

Chemically, therefore, there seems no reason why the Mes- 
abi green silicate cannot be classed as a glauconite. Its iron is 
chiefly in the protoxide state, whereas in most glauconites it 
is chiefly sesquioxide : but the French Creek glauconite quoted 
above contains likewise chiefly protoxide. Dana^ speaks of 
the California Cretaceous glauconite as a ferrous silicate (20 
to 25 per cent protoxide of iron). Zirkel's general definition 
of glauconite, above quoted, gives preference to the protoxide 
over the sesquioxide. In this point, at least, then, there is no 
possible difficulty. 

The final chemical point is the question of the trifling 
amount of potash present. This question was raised and 
discussed by the writer in his original work. 

The most ordinary glauconite contains 6 or 7 per cent of 
pota.sh (the highest under the writer's observation at present 
is ys)\ per cent), but many analyses show 3 or 4 per cent only. 
Analysis Xo. 2, quoted above, contains 2.23 per cent : analysis 
No. 3, 1.70 per cent; while a specimen analyzed by Murray 

• l»Aif A, Sjstem of Mineralogy. 6th cd , p. 684-. 

f Ibid. 

X Bbrthirr. Annntes des Mines, 6. 1821. p. 4.59. 

9 null. X, Minn. Geol and Nat. Hist. Survej, p. 233. 

II Op. cit.. p. 235. 

° Manual of Geology, 3d edition, p. 458. 
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and Renard* from off the coast of Australia, afforded less 
than one per cent. This being the case, our two analyses of 
the Mesabi mineral, with their .41 and .31 per cent potash, 
come far closer as regards potash, to the glauconites low in 
potash above quoted, than these do to the glauconites high in 
potash. ^Moreover, Murray and Renard concluded that by a 
study of the ancient rocks near the coast where the glauconite 
forms *'it is possible to suggest, with a considerable degree ot 
certainty, the relative abundance of the i)otash in the deposites 
where the glauconite is forming." For since the glauconite 
derives its constituents especially from the "debris of granite, 
gneiss, mica-schists, and other ancient rocks" which *'must 
give birth by their decomposition to potassium, derived from 
the orthoclase and the white mica of the gneisses and the 
granites" the relative abundance of potash in these rocks will 
roughly correspond to that in the glauconites. Now the land 
surface at the time of the deposition of the Mosabi iron-bear- 
ing formation must have consisted of the complex of pre-Ani- 
mikie granites, gneisses, and schists. Ordinary granites gen- 
erally contain 4 to 8 per cent of potash, but several analyses! 
from the region under consideration:!: show a small amount of 
this substance. Of three analyses, one showed 2.80 per cent 
KyO. another 1.68, and a third .71. The schist seems still 
poorer; an analysis of green schist from Tower showed .30 
per cent potash, and another from the falls of the Kawishiwi 
.2y i)er cent. These are the only analyses the writer has access 
to at the present moment. On the other hand, the green 
schists contain plenty of iron (one of the above mentioned 
analyses shows 9.87 per cent, the other 19.23 per cent iron 
oxide) ; so it seems onlv natural that the ferrous silicate should 
form in abundance, under the influence of organic matter, in 
the ocean into which the mud from these rocks was washed; 
and that it should be destitute of potash. 

( )f more importance, perhaps, than the exact chemical 
composition of a mineral are its physical qualities. Thus the 
amj)hiboles are related more by form and optical characters 
than by chemical composition. The same is true of pyroxene, 

* Reports, Challenger Hxpeditioa, vol. Deep Sea Depuaita, p. 387. 

f U. S. Grant, 2l9t Ann. Rep., Minn. Geol. und Nttt. Hist. Surv., pp. 41 -44. 
Also Am. Gbol., Jane, 1893, p. 386. 

t The first is from Kekequabic lake; the aecond from the Kawiahiwi river; 
the third from Saganaga lake. 
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V 

feldspar, scapolite, etc. In amphibole, alumina varies from 
o to 18.20 per cent.: iron, from o to 40.40 per cent.: lime, 
from o to 20.47 per cent. ; etc. 

Now the physical characters of our mineral are those of 
glauconite. Professor Wolff* described it as of "a brownish- 
green to clear-green color, partly isotropic, partly aggreg'ate 
polarizing, in feebly polarizing dots and specks. Hardly any 
pleochroism, no cleavage. They resemble in all physical char 
acters glauconite- grains ^ ^ 

One of the most characteristic features of the Mesabi 
green silicate as described and figured by the writer J, is the 
peculiar process of decomposition, marked by the appearance 
in the thin section of numberless tiny silica rings, which 
grow until they unite, the iron which is at the same time 
separated giving to the residual glauconite a progressively 
darker and browner color. 

Zirkel remarks § that in glauconite sandstones ( green sand- 
stone) : 

"The glauconite-grains, which are sometimes sparse, sometimes 
abundant, in this sandstone, break up on weathering into many concent- 
ric spherical shells,!! and the iron oxide of the glauconite changes 
into hydrated oxide of iron, whereby the greenish color of the stone 
gradually is changed to a light brown." 

Since his Minnesota work the writer has found in Alaska 
ancient glauconite-bearing rocks (perhaps Silurian) where the 
glauconite shows the same process of decomposition and trans- 
formation. He quotes from himself :11 

"The jasperoids are rocks consisting chiefly of silica, generally 
chalccdonic or cryptocrystalline, and are plainly derived from the sil- 
ification of other rocks. ♦ ♦ ♦ ♦ 

"An interesting and important variety is the glauconite jasperoid 
or taconyte, such as has been described by the writer as occurring 
abundantly in the iron-bearing rocks of the Mcsabi range in Minne- 
sota. In the rocks of the Rampart series ° it also appears that the 
glauconitic limestones pass into jasperoids. which are colored red. 
green, brown, or gray by iron in its different forms, or occasionally 
by manganese, or which are light gray or nearly white, as a result 
of the separation of the iron. * * * * 

• Bull. X, Minn. Geol. and Sat. Hist. Survey, p. 3.S1 . 

t The italics are mine. (J. E. S ) 

t Ibid., p. 133, and plate VI, figs. 1 and 2. 

§ Lehrbuch der Pctrographie, vol. iii, p. 728. 

!| Whose cross-sections are rin/?s. (J. E. S. ) 

«i 18th Ann. Rep., U. S. Geol. Surv., part iii, pp. 160. 161, 16+. 165. 166, 

° Alaska, Yukon river. 
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*'A rock exhibiting well the transition between the glauconitic 
limestone and the jasperoid was collected on the Yukon river in the 
lower Ramparts. Here in a cliff was seen a thin seam of bright red 
jasper, with dark-green fine-grained rocks on both sides, which was 
in immediate contact with coarser-textured green rock shown by 
microscopic examination to be typical tuff. A thin section of the 
rock at the contact of the bright-red jasper seam with the dark-green 
chert is made up mostly of cryptocrystalline silica, which is chalcc- 
donic in places, with spherulitic aggregates showing dark crosses un- 
der crossed nicols. Glauconite is abundant in irregular grains of 
all sizes, and the decomposition of this mineral, forming chalcedonic 
silica and iron oxide, is seen in all its stages. The process is that 
observed by the writer in the rocks of the Mesabi iron range. This 
decomposition accounts for the ragged outlines of the grains of 
glauconite. The iron is dark red, apparently ofocherous hematite, and 
occurs everywhere, though it is considerably less in amount than the 
glauconite. It shows a tendency to accumulate in irregular clumps. 
Calcite in frequent ragged areas is residual, being encroached on by 
cryptocrystalline silica, which is evidently replacing it. * ♦ ♦ 

"In this thin section arc seen organic remains of complicated 
structure. The structure is brought into prominence by the increased 
amount of glauconite and iron oxide which have formed in the canals 
and other cavities. Mr. Bashford Dean, of Columbia College, has 
examined this section and has determined the structure as unquestion- 
ably that of a fish-tooth. 

"A section of the bright-red jasper into which the green rock 
passes, taken only a few inches from the specimen above described, 
is composed entirely of very fine-grained silica, which is stained 
throughout with iron oxide so deeply that the rock is aphanitic even 
under the microscope. 

*'Grecn and red jasperoids having the same structure as above 
described, with the exception of the residual glauconite and calcite, 
are frequent in the rocks of the Rampart series, and by reason of their 
superior hardness are most conspicuous in conglomerates which have 
been derived from these rocks." 

In Texas, the glauconite, in the Tertian- glauconite sands, 
has, according to Penrose and other writers,* furnished, by its 
decomposition, limonite iron ores in large amount. 

The Origin of Glauconite. 

Danat observes that the kinds of glauconite are : i. Green 
earth of cavities in eruptive rocks. 2. Green grains of sand 
beds of rocks, as of the green sand of the chalk formation. 
The second kind is of course the most important, but the 



•Resume by J. F. Kbmp. Ore Deposits of the United States and Canada. 
Fourth edition, p. 98. 

t System of MineralofiTT* 6th ed., p. 683. 
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writer quotes the first to recall that silicate of iron of chloritic 
apiKrarance and habit, even when in eruptive rocks, is called 
glauconite. 

Concerning the origin of glauconite grains in sedimentan.- 

rrxrks, I translate from Zirkel.* 

*'Th«r microscopic investigations of Ehrenberg have shown that 
many glauconite grains are the casts of foraminiferal shells, which 
were filled with the glauconite substance and later dissolved. Rcuss. 
while he could plainly recognize many of the glauconite grains investi- 
gated hy him as incrustations or fillings of foraminiferal shells, or 
could conclude them to be the broken up fragments of such shell- 
fillings, nevertheless expressed himself against the universal applica- 
tion of Ehrenl>erg's observation, and considered the great majorit> 
of the grains as concretions which had grown from the center out- 
ward<. Also Giimlxel says, *\Vhile it is clear that glauconite forms 
in the cavities of fbraminifera frr other marine animals, such as small 
gasteropods. pteropods. serpulae, and ostracods. and while it is sure 
that many of the grains which are now mixed with the sand and are 
witlK>ut an organic shell covering, owe their origin to the breaking 
up of di- solved shells full of glauconite substance, yet there are many 
other glauconite grains, which cannot be referred, from their form 
or their size, to such an origin.' He l>elieves these have formed as 
entoolites. According to this, a thin film of glauconite is deposited 
on the surface of gas-bubbles, and inside of these the further filling 
is accomplished by intussusception. He supposes this formation of 
glauconite to always take place near the shores or in inconsiderable 
depths of the sea. But the glauconite grains, which occur in the green- 
ish sands and bluish muds of the present deep-sea deposits, arc part- 
ly quite evident casts of foraminifera, and in part have a rounded 
form with often warty surface; since there is often the appearance 
that the deposition of the glauconite has burst the foraminiferal shell, 
the supposition follows that the rounded grains arc also casts, which 
continue to grow after the dissolution of the shell (Murray and 
Renard)." 

I'rom this it will he seen that although glauconite (for 
example, that in the igneous rocks) may form without the 
assistance of organic matter, yet in the sedimentar>^ rocks 
this agency is most active in its formation. Where the or- 
ganic material is most abundant, as within the tiny shells 
of foraminifera, etc., the building of glauconite is most active, 
but it is certain that these glauconite grains grow up concre- 
tionary action often beyond the limits of the shell. It is also 
probable that small particles of organic matter, scattered 
through the rock, may each begin the precipitation of glaucon- 
ite. which may grow to a grain of considerable size. 

• Lchrhuch der Pctrographic, 2d cd., vol. iii. p. 728. 
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Conclusions. 

The writer, therefore, states his conchisions as follows: 

1. That the iron ores of the Mesabi range, and the var- 
ied and pecuHar rock-types of the iron-bearing fc5rmation 
are derived from the alteration and rearrangement of a sedi- 
mentary rock containing large quantities of a green hydrous 
ferrous silicate, in generally rounded, small, separate grains. 

2. That the rocks containing iron carbonate, including 
the phases called cherty siderites and sideritic cherts, are one 
of the results of alteration of this original rock, the iron car- 
1)onate and also a large proix)rtion of the silica being derived 
from the green silicate. 

3. That the green silicate was fonned largely through 
the agency of organic matter. 

4. That its habit, form, optical and chemical qualities 
mark it as belonging to the class of glauconites, and mark 
the original rock as a green sand. 

5. That in accordance with what is knowTi of the form- 
ation of green sand, the iron, silica, etc., of which the glau- 
conite is composed, were probably derived largely from fine 
land silt,* in part also from solution in the sea water. t 

6. That the above conclusions probably apply to most 
of the other lake Superior iron ores. 



SOME TERTIARY FORMATIONS OF SOUTHERN 

CALIFORNIA. 

By Oscar H. Hrhshby. Berkelev, Calif. 
INTRODUCTION. 

In the course of several short pedestrian excursions, ag- 
gregating 600 miles, the writer had the rare fortune of en- 
countering in southern California, during this present winter, 
an interesting series of Tertiary formations which had not 
hitherto been reported and discussed: and while the object of 
the excursions was primarily one not purely geological, suffi- 
cient material was gathered, it is believed, to warrant its being 
thus publicly recorded : for every addition to our knowledge 

• Bull. X, Minn. Geol. and Nat. Hist. Si/rr., p. 240. 
+ Op cit., p. 243. 
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of the fascinating subject of the Pacific coast Cenozoic geol- 
ogy brings us nearer to the final elucidation of its problems. 
The southern California field is unique in that the forma- 
tions are so well exposed. Much of the country- is virtually 
a desert and although life conditions in it are somewhat 
strenuous, the enthusiastic geologist will willingly overlocJc 
a few hardships for the sake of having the structure as clear- 
ly displayed in a distant view as though charted. One may 
stand on a peak overlooking some of the Pliocene basins and 
determine the structure of many ^uare miles of territor}* and 
thousands of feet in thickness of strata almost as readily as if 
he hekl the basin in his hand and took it apart block from 
block. 

In the valley of the Santa Clara river of the South, about 
30 miles north of Los Angeles, there is a basin-shaped depres- 
sion in the older rocks occupied by Upper Pliocene strata, 
and at its extreme eastern end there appear remnants of older 
Tertiary formations which will be discussed under the names, 
respectively, of the Escondido and Mellenia series. 

The Escondido Series 

Xear the head of Tick Canyon, about four miles north of 
Lang station on the Southern Pacific railway in Los Angeles 
county, the following section from north to <iOUth and begin- 
ning at the bottom of the series, was roughly measured along 
the sides of a gorge where there is a beautiful exposure : 

T^e-section of the Escondido series in Tick canyon. 

Gneiss (older complex) occupies first 5,000 feet of canon. 

Thickness. 

1 . Basal conglomerate, buff, vertical 780 feet. 

2. Coarse buff and light green sandstone 70 feet. 

3. White sandstone, alternating with a white thin bedded 

or banded material apparently either a rhyolyte with 

flow structure or rhyolyte tuff 230 feet. 

4. Dark red and brown lava of basic composition, showing 

flow structure; semi-crystalline. Some layers are por- 
phyritic and some slightly amygdaloidal. Much of it is 
stained bright green. It appears too basic for andcsyte 
and is probably a basalt. 1200 feet. 

5. Bright light red sandstone and shale 90 feet. 

6. Dark brown basalt (?) lava 140 feet. 

7. Red sandstone, 3 feet . 

8. Green sandstone 10 feet. 
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g. White rhyofitic tuff ( ?), 4 feet. 

10. Green sandstone and conglomerate, 26 feet. 

1 1 . Red sandstone, 20 feet . 

12. Dark brown basalt (?) and a more acid lava with fine flow 

structure 55 feet . 

13. Dark red. very coarse tuff containing abundant fragments 

of underlying formations 200 feet. 

14. Dark brown, coarse-grained amygdaloidal lava 100 feet. 

15. Light dull green shale 3 feet. 

16. Dark blue-gray shale, 4 feet . 

17. Light brown shale, 4 feet. 

18. Coarse, light brown sandstone, 5 feet. 

19. Scries of alternating shales and sandstones : nearly vcrti; 

cal; bright colors including red, yellow, blue and purple; 

shales thinly laminated, 150 feet . 

20. White shales impregnated with g\'psum, 10 feet. 

21. Variegated shales and sandstones 120 feet. 

22. Light blue-gray conglomerate (granitic debris largely) and 

shales 90 feet . 

23. Pink sandstone; thin and heavy bedded; dips southerly 

60 to 75 degrees ^ 350 feet . 

24. Coarse, light gray sandstone, 50 feet . 

25. Dark brown, coarse-grained basic lava showing flow struc- 

ture, 150 foct . 



Total 3864 feet. 

The lava flows were contemporary with tiie sediments 
and not lator intrusions. In places the sandstone is red- 
dened and hardened under a lava sheet, but the sandstone over 
it is unaltered. The heavy tuff stratum (Xo. 13) is undoubt- 
edly bedded with the other sediments and it contains frag- 
ments of the lower lavas. Parts of the sheets were very ve- 
sicular, and the surface of the volcanic area abounds in chal- 
cedony which has weathered out of the amygdules. 

The lava is local in its heavy development. Through its 
resistant properties it gives rise to a range of rugged black 
mountains. Just east of Tick canyon there seems to have been 
a center of eruption, marked by an unusually prominent group 
of peaks. The sandstone layers among the lava sheets were 
somewhat broken up, apparently by subsequently erupted lava. 
The different sheets, about five in number, thin rapidly to east 
and west and at the distance of one mile several have wedged 
out entirely. At one place the lower sheet is in contact with 
the gneiss, but I have a suspicion that the contact between the 
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cTv?>talIine and Tertiarv rrxrks at this localitv is a faulted one. 

m m 

\yr(Auc\r\\^ the effect of overlap. Certain black, ven- basic 
>(a!>bro dikes in the nei}3^lx>ring gneiss may represent the 
nK;ts of the volcano. There are no evidences of a crater as 
the old volcano lias Ixren turned up on its bide and deeply 
eroded. 

The Tertiary formations in this region have the struc- 
ture of a trough trending northeast to southwest and closed 
on the northwest end. They dip toward the axis of the trough 
and curve around the northeast end in a verv beautiful and 
instructive manner. Eaich successive series laps |>ast the next 
older, so that the older series are in the forms of crescent or 
hr)rse-slK>e-shaj)ed areas, having their greatest width at the 
northeastern end of the trough and rapidly thinning out and 
<lisappearing on its sides. 

The ICscondido series appears first at Mint canyon, several 
miles west ol Tick canyon^ and trends eastward, widening to a 
maximum of alxntt one mile, a little east of the latter canvon. 
Just east of the valley of the Aguadulce creek, where is the pro- 
longation of the axis of the trough, the sandstone swings rap- 
idly to the south, but the line of lava peaks continues eastward. 
The lava range doubtlessly marks the site of a set of east-west 
fissures. Perhaps it was the outflow of lava through these 
fissures that caused a subsidence of the region and permitted 
the accumulation of several thousand feet of sediments over 
what had just previously been a land area. 

The Escondido canyon, the next main valley east of the 
Aguadulce (the latter marked on some maps as the Canyada de 
la Sierra Pelona,) exposes a splendid section through the series. 
The following thicknesses are merely estimates. The series of 
lavas and sandstones dip westerly at angles of 20** to 40", 
the prevailing dip being 30". The exfKDSure is so perfect in 
the narrow winding canyon with precipitous and even over- 
hanging walls that no faulting can have escaped attention. 
r»oginning at the head of the canyon there is, resting on the 
schist-gneiss-granite-complex — 

S:ction in Ilsctnidido Cunyon Thickness. 

1. A oKirsc l)rcccia-coiiglomerate of angular and siibanp- 
nlar blocks oi granite, gneiss, etc., from the underly- 
ing itlder complex, all well cemented and in plac--^ 
clearlv stratitied :OD feet. 
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2. A massive sheet of dark reddish brown basic lava seem- 

ingly a typical basalt, in places very vesicular or 
amygdaloidal, abounding in secondary chalcedony, . . 2000 feet. 

3. Red and yellow sandstones and coarse breccia-con- 

glomerate of granitic and gneissic material, 200 feet. 

4. Dark basic lava passing upward into dark red tuff. . . 200 feet. 

5. A great scries of dull red and yellowish coarse sand- 

stones and coarse breccia-conglomerate of granitic 

and gneissic material, • 3000 feet . 

Total, 59CO feet. 

No. 2 mav be correlated with Xo. 4 of the Tick canvon sec- 
tion, No. 3 with Nos. 5-1 1 inchisive and No. 4 is similar to 
Nos. 12-13, the coarse red tuff being a characteristic and 
easily recognized stratum. No. 5 of the Escondido canyon sec- 
tion is remarkable for its heavy beds of coarse breccia-con- 
glomerate which recur at frequent intervals throughout the 
series. Blocks of granite and gneiss up to three feet in diam- 
eter may occur anywhere, even in the sandstones compara- 
tively free from conglomerate. It is a characteristic of this 
sandstone and conglomerate series that although overlynig and 
newer than the vast mass of lava, the material is essentially all 
debris from the schist-gneiss-granite complex. The material 
grows finer to the westward, and at the valley of the Agua- 
dulce, the very coarse breccia-conglomerates have been rCf- 
duced to ordinary conglomerates. A local source of much of 
the material is indicated by the abundance of Ravenna dior- 
ytes in the conglomerates on the south side of the trough and 
their rarity on the north side. 

The Escondido series was deposited under static water 
conditions and apparently in the sea. The bedding is regular 
and the pebbles in most layers are well rornded. In Mint 
canyon there is, close under a lava sheet, a well-marked gyp- 
sum-bearing stratum about 50 feet in thickn'^ss. It is main- 
ly a dark gray sandy silt and clay or shale, heavily impregnat- 
ed with g}'psum: but several layers aggregating 10 feet in 
thickness are mainly of g>psum in thin regular layers, trav- 
ersed by veinlets of satin-spar of a secondary character. Ap- 
parently there is along 2000 ft., loft. in thickness of 50 per 
cent gypsum rock, which may be depended on to go dowii 1000 
feet — say a million tons. This gypsum bed seems to repre- 
sent a bay cut off temporarily from the main body of water 
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by a lava flow near the site of Tick canyon, and dessicated by 
the heat of the sun, resulting in the precipitation of the g>'p- 
sum in layers interbedded with layers of mud. 

East of Tick canyon there is a layer of hard gray limestone, 
several hundred yards long and in places i8 inches thick, in- 
ter-bedded with the volcanic rock. The limestone and gypsum 
are evidences of a marine origin for the detrital portion of 
the series. I failed to find a trace of fossils, but the volcanic 
activity and resulting gases passing into solution in the sea- 
water may have been inimical to life on that portion of the sea 
bottom. 

The series is everywhere well lithified and even the sand- 
stones outcrop readily. Dr. H. W. Fairbanks secured some 
fine photographs of the cragg}' sandstones near Soledad canyon, 
but he paid no further attention to the foniiation. Its pres- 
ervation is due to the protective influence of the hard lava 
sheets and to its having been faulted down into the crystalline 
complex. Fragments of it are met in the higher mountains 
in most unexpected places. 

Between a range of gneiss mountains at the head of Tick 
canyon and the high schist ridge of the Sierra Pelona, a belt of 
granite is overlaid by a dull dark red (making buflP hills) 
breccia and breccia-conglomerate, passing upward into well- 
stratified conglomerate and coarse sandstone. The series is 
well lithified, is mostly of granitic material, shows none of the 
neighboring lava, stands at a high angle, dips southerly, oc- 
cupies a belt 2000 to 3000 feet wide and has an estimated* 
thickness of 1500 feet. It extends for miles toward the west- 
southwest down Texas canyon and its presence has given rise 
to a basin or broad valley pr()]:)ably one mile in average width, 
connecting on the east with a broad basin at the head of Mint 
creek. On the south side it is faulted to an extent of in 
places pr()ba])ly 1500 or 2000 feet. Another remnant faulted 
down into the older rooks is cut by the west fork of ^lint 
canyc^n. These remnants of a great and perliaps wide-spread 
basal breccia conglomerate I correlate witli the ])asal conglom- 
erate of the lava and sandstone series of Tick canyon, and 
with the basal breccia-conglomerate under the lava near the 
head of Kscondido canyon. It must ])e recognized as a distinct 
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and w^ll characterized and widespread division of the Es- 
con(Hdo series. 

East of the main Escondido canyon, the lava spreads out 
to a width in places of several miles and continues east to a 
valley trending^ north from Acton. But in this belt of mainly 
dark reddish brown lava hills, there are irregular areas of 
granite. Apparently the region abounds in faults, and by 
them the lava (which here lies at a comparatively low angle,) 
has been in places carried up high, removed by erosion and 
the underlying granitic rock laid bare. Conglomerate and 
sandstone appear with the lava as far as a prominent eleva- 
tion south of the South Escondido canvon, but eastward there 
is apparently little of it present in the series which is mainly 
lava and tuff. 

The lava bends south to the railwav at Acton and one 
small area of it lies south of that village, on the south side of 
Soledad canvon. A narrow belt of lava crosses the summit 
about two miles north of the railroad, but just north of the 
summit it bends around to the southeast, spreads out to quite 
a belt and reaches the railroad about one and one-half miles 
northeast of Vincent station. Here on both sides of the rail- 
road are low hills of dark red and purple color, composed 
of a massive bed of coarse tuff, much like that in Tick 
canyon, but containing a greater variety of lava fragments. 
A rugged purple mountain just west of this, near the summit 
is probably also of this tuff. 

Farther down the slope toward Anteloi)e valley, certain 
dark red conglomerates, dipping northerly at a rather high 
angle and appearing in very limited patches from under the 
(Quaternary detrital slope, and comi>osed of granitic debris, 
seem to represent the Escondido series. West of the rail- 
road near Palmdale, the bright colors of a low range of hills 
indicate the same. Here also it contains a gypsum bed which 
is extensively mined. Apparently a belt of the same series 
runs westerly a long distance on the south border of An- 
telojx^ valley. Out in the broad desert plain eastward from 
\'incent are low hills whose rugged crests and dark reddish 
color suggest that they are an eastward extension of the lava 
belt oi the Soledad countrv. 
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The Mellenia Series. 

The middle portion of Tick canyon, about three miles 
north of Lang station, affords the completesi section of this 
series. Beginning at the foot of a lava peak just east of the 
main canyon and going southwest obliquely across the valley, 
the section is as follows, in ascending order, with thicknesses 
roughly measured : 

Type-section of Melknia series in Tick canyon. Thickness. 

1. Brown basal breccia o( lava fragments resting on lava and 

dipping to southwest 30 degrees, 40 feet. 

2. Buff basal breccia-conglomerate, mostly of lava: some 

coarse sandstone ; stratified, . ., 40 feet. 

3. Pink, coarse argilaceous sandstone; some lava pebbles,. 40 feet. 

4. Sandy stratum of light gray color, containing much white 

material like travertine, 50 feet. 

5. Light gray and pink, heavy-bedded sandy shales, 600 feet. 

Then a fault brings up the lava and earlier sandstones and the series 

begins again. Beginning in an easterly branch of Tick canyon, resting 
on the lava and variegated shales and sandstones of the earlier series 
is: Thickness. 

1. Brown basal breccia-conglomerate, mostly of lava Irag- 

mcnts and pebbles, 150 feet 

(Note. — The variegated shales between lava sheets dip northerly 
at a high angle [being slightly overturned], say 60*. and the overlying 
series dips westerly at 30°, making a splendid non-conformity. The 
actual contact is clearly exposed and no fault is present.) 

2. Pink, light gray, light green and light browMi, thick-bed- 

ded, sandy shales and fine sandstones dipping wester- 
ly 20" to 30^ as does all of this section 700 feet. 

3. Brown, buff and greenish conglomerates, mostly of lava 

pebbles 300 feet . 

4. Pink heavy bedded sandy shales and green sandstones. . , . 400 feet. 

5. Buff, green and gray conglomerate (mostly lava pebbles) 

and coarse sandstones 150 feet. 



Total. 1700 feet. 
This series begins a little west of Mint canyon, trends east 
to a point about a mile cast of Tick canyon, (on the axis of 
the trough,) swings rapidly around to the southwest and 
then runs straight for several miles, giving out (by overlap of 
the next series) just short of Soledad canyon near Lang sta- 
tion. Its average dip on l>oth sides of the trough is between 
20" and 30". Tt is lithificd into soft rock and gives rise to 
boulder-strewn and conglomerate-capped hills of no mean size. 
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Much of it stands readily in perpendicular bluffs, so brightly 
colored as to have suggested a name for a neighboring mining 
camp, the Rainbow District. The material is well rounded, 
regularly bedded and undoubtedly was deposited under static- 
water conditions. No fossils are present. The bright colors 
are due to its volcanic composition although no lava or tuffs 
in place appear in it. Perhaps the barrenness of life, the 
bright colors and the layers of travertine may indicate fresh- 
water (lacustrine) rather than marine conditions. 

This non-con formitv between the Escondido and Mellenia 
series is one of the best marked and most easily proved among 
the Tertiary formations of the state. The conglomerates in 
the lower series are of granitic debris, while those in the 
upper series are chiefly of lava derived by erosion from the 
lower series. Where the two adjoin there is a marked dif- 
ference in dip. Tn Tick canyon, the change is from 60*^ to 30". 
Over the great mass of granitic conglomerate and sandstone 
in the Aguadulce and Escondido canyons, there is an altogether 
different series of conglomerates and shaly sandstones at least 
1000 feet thick resting on their upturned and planed-off edges, 
with different dip and strike. It is made up of material from 
the lavas of the lower series and is only an abnormally coarse 
jxjrtion of the Mellenia series. This latter is clearly in con- 
tact with different members of the lower series and laps past 
it at either end of the area. Before the basal conglomerate of 
the second series began to form, the first had been elevated into 
land, tilted at angles varying from 20^ to 45" and profoundly 
eroded. It is certain that in places 1000 feet had been removed 
and evidence is not lacking that several times as much had 
been eroded from a large part of the basin. 

Among the lavas in the conglomerates of the Mellenia ser- 
ies are some andesvtes and rhvolvtes that are not known to 
have been erupted in the Soledad country and I refer their 
source to a volcanic series developed on Mohave desert north- 
ward from Antelope valley. This seems to furnish evidence 
that during the Mellenia epoch a portion of the Great Basin 
was drained by a river crossing the line of the present divide 
near Soledad pass and entering the sea by way of the Santa 
Clara basin. 
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The relation to the overlying Upper Pliocene series is 
not so clearly made out. In Tick canyon, there might he add- 
ed to the type section of the Mellenia series the following: 
6. Buff gravel of Upper Pliocene; somewhat inclined to 

false-bedding ; exposed in section, 300 feet. 

It is difficult to place the exact line of division hetween 
the two series as there is no apparent unconformity in this 
exposure and no sharp line of division can be drawn anywhere. 
The two formations as a whole are quite unlike, the first being 
regularly bedded and the conglomerates distinct from the finer 
material, while the buff gravel is almost exclusively a gravel 
less regularly stratified than the other. The first is distinctly 
lithified and the second is not. The change from one to the 
other is effected in about 25 feet but this 25 feet contains a 
sort of transition from one to the other. The only evidence of 
non-conformity rests on broad structural grounds. 

About 3000 feet east of Lang station, a broad arm of 
Soledad canyon extends toward the northeast. It is excavated 
into the Tertiary formations and has splendid exposures. The 
ridge on the southeast side of the valley seems to be a con- 
glomerate of rather light color resting against the face of the 
older mountains, but I do not know much about this conglom- 
erate. The northwest side of the valley exposes the following 
section in ascending order: thicknesses estimated from mem- 
ory : 

1. Dull (lark red conglomerate made up cliieily of dioryte, 

j:^ranite and gneiss debris with an occasional pebble or 

small boulder of old lava 100 feet. 

2. Coarse sandstones and fine conglomerates (granitic de- 

bris) making a very showy appearance 400 feet. 

3. Heavy conglomerates and coarse sandstones of light 

brown and buff colors; composed largely of 'hasic lavas. 300 feet. 

4. Buff gravel, exposed, 100 feet. 

X'os. I and 2 represent a fragment of the Escondido series 
and Xo. 3 is the only representative of the Mellenia series 
which, two miles west, is 1700 feet thick. In tracing from one 
section to the other, T concluded that some hundreds of feet 
hrul been removed by erosion from the section near Lang 
before the tapper Pliocene was laid down. I do not think 
there was any great interval between the two .'series although 
there was a radical change in conditions. The Buff gravel 
laps past tlie Mellenia series on to the Ravenna dioryte south 
of Soledad can^'cn and the gneiss west of ^lint canyon. 
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The Upper Pliocene Series. 

The Upper Pliocene basin of the Santa Clara river val- 
ley is oval in shape, with its major axis east to west. It ex- 
tends from a point in Soledacl canyon one-half mile east of 
Lang station to near the Camulos ranch, a distance of about 
20 miles and from a point one mile south of Xewhall to four 
miles up Castaic creek, a distance of about 10 miles. On all 
sides the strata dip toward the center of the basin at angles of 
20 to 30', but the chief disturbance is an unsymmerrical an- 
ticline traversing the area from northwest to southeast on the 
line of Castaic creek and Saugus. On one side of the strata, 
even the very latest Pliocene, dip to southwest at an average 
angle of 45\ not infrequently increasing to 60 or yo\ while the 
northeast slope is longer and gentler. 

The strata within the basin are clearlv divisible into 
three members which, in field notes, 1 have designated the 
P>ufF, the White and the Red Banded, but it may be conven- 
ient to name them the Lang, the Soledad and Saugus divis- 
ions. 

The Lang Division. — This is a great bed of gravel and 
sand of a uniform buff color which is a distinguishing mark 
all around the basin. Red and brown lava cobbles are plen- 
tiful but there is also much granitic debris. The major 
bedding planes are regular but within each stratum there is 
the irregular and somewhat indistinct stratification common 
to alluvial deposits. It has the appearance of the delta of 
some large river flowing westward on the site approximately 
of Soledad canyon, perhaps draining Antelope valley, in part 
at least. Coarse gravel and boulders up to three feet in diam- 
eter occur at various levels in the deposit and even to the cen- 
ter of the basin. It is too well water worn and too well strat- 
ified to be one of the "detrital slope" accumulations so com- 
mon in the arid region. The width of the outcrop of this di- 
vision of the Upper Pliocene near Lang station is about two 
miles, and a conservative estimate of its thickness (based on 
good data, with all faulting eliminated,) gives it 3000 feet. 

The Soledad Division. — This is gravel and sand, chiefly 
granitic, with lava pebbles and cobbles less abundant. It 
is finer in texture, more regularly bedded, and slightly more 
lithificd than the lower members. It is inclined to outcrop in 
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bare craggy hills showing the structure lines very plainly. 
The color is a uniform white or very light gray, and its ter- 
rane may be distinguished by this feature a long way off. 
Its thickness seems to be about the same as the Buff gravel, 
3000 feet. It usually dips 10** to 30^', but several miles west 
of Lang station, it has been tilted to 45^. This division I sup- 
pose to be marine. This is indicated not alone by its physical 
features, but by some paleontological evidence. An old pros- 
pector has referred me to a small canyon near Humphreys 
station (where this division alone is due) as yielding marine 
shells and other fossil debris including the bones of a whale, 
but I did not have the time to verify this statement. Marine 
shells are abundant near the oil wells about one and one-half 
miles southeast of Newhall, and Mr. Homer Hamlin says they 
occur in this Upper Pliocene series. The Lang rather than 
the Soledad division is due there and the former may be mar- 
ine in the western part of the basin. Five miles north of 
Saugus, marine shells have been collected by Mr. J. W. Wen- 
zel of Los Angeles, an intelligent miner, who states that they 
come from the gravel series. There can be little doubt that 
some part of the Upper Pliocene series is marine and from 
my observations on it, I should say it is the middle or Soledad 
division. 

The Sangus Division. — This is a great series of unlith- 
ified sand, gravel and clay and has the appearance of a Quater- 
nary deposit of no greater age than the Kansan or Illinois 
drift sheets of the eastern states. Layers 10 to 30 feet thick 
of light gray gravel and sand alternate with layers of red 
sandy clay resembling old buried soils. The red layers are 2 
to 10 feet thick and grade downward gradually into the gray 
gravel but end abruptly at the top. The whole deposit is strati- 
fied, waterworn and water- deposited ; but the only real sharp, 
persistent lines are those at the top of the red layers. Its 
physical characters are unmistakably those of an alluvial de- 
posit, a river delta, progressively sinking and receiving fresh 
layers of gravel, overlaid by silt, the surface of which latter 
was weathered into soil between disturbances. The terrane 
occupies a central position in the basin and has an estimated 
thickness of 2000 feet. It is splendidly exposed in railway 
cuts in Soledad canyon near Saugus where it dips to the south- 
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west at an average angle of 45®. It is eroded into sharp hills 
several hundred feet high and the oldest Quaternary river 
terrace of Soledad canyon is trenched on its disturbed beds. 
Combining the three divisions, this great gravel deposit 
with its almost incredible thickness of about 8000 feet, appar- 
ently represents the Upper Pliocene alone. On structural and 
• lithologic grounds I will correlate it in a general way with the 
Paso Robles formation discriminated bv Dr. H. W. Fairbanks.* 
in the Salinas valley and with the Merced series on San Fran- 
cisco peninsula, discriminated by Prof. A. C. Lawson.t and 
proved by abundant fossils to represent the latest Pliocene 
time. Mr. Homer Hamlin, of Los Angeles, who is familiar 
with the geology of the southern Coast ranges, particularly 
of Monterey county, confirms this correlation. 

The three divisions are confomiable to each other, but 
the lower rests on very diverse formations. On the northwest 
of the basin is Cretaceous shale; on the north, schist and 
gneiss ; on the northeast, the Mellenia series ; on the south- 
east, dioryte and granite; and on flie southwest and west, a 
great -series of light yellow coarse sandstones and conglom- 
erates which constitutes the San Fernando range and is heav- 
ily developed in the valley of the Santa Clara river between 
Camulos and the sea. This rests unconformably on the 
bituminous, oil-yielding shales of the Monterey formation 
and is conceded by all who have studied it, including Mr. 
Homer Hamlin and the present writer, to be the San Pablo 
formation, generally classed as Lower Pliocene. Mr. Hamlin 
says 5000 feet in thickness of it are clearly exposed in a single 
section on the southern face of the Sierra Madre range. 

Between San Fernando and Newhall, this supposed San 
Pablo has a prevailing dip to southwest at angles of 20® to 
40", but a reverse dip sets in on the northern side of the 
mountain so that the non-conformity with the overlying 
gravel is not a conspicuous one although none the less real 
and significant. The older' formation is well lithified and 
resists erosion well, giving rise to high, cragg\' mountains. 
The newer is merely an unconsolidated gravel and its terrane, 
abounds in many low hills and an intricate network of ravines. 

* Journal of Geology * Scpt.-Oct., 1898. p. 565. 

• BuVetin of the Department of Geology, University of California, vol. i, 
No. 4. pp. 142-14H. 
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A con>i«Ierabii: interval i< inrlicatcil lx*t\veen their epochs of 
flei>o<ition. In thi> hiatus I will place the ^^ellenia fonnaticn. 
The latter is more clearly related to the Upper Pliocene series 
than is the San I'ablo of the San Fernando range. The 
Mellenia anrl San I'ablo cannot Ix^ contemixirary because in 
liiat case some of the lava pebbles must have reached the 
neij2:hborinj^ San Pablo st-a. anrl the C' "Ugb >nierate and sand- 
.^t*»ne ^outh of Xewhall should shrjw the influence nf the vol- 
canic material. 'J'he Mellenia is nut pn)bably older than the 
San Pabl'» because there is no evidence i'f sucli an interval 
between it and the Lan^ jj^ravel as tn have been ivcupied by 
th«; -'epusiiion in the neis:hl>orini^ .-ea (»f 5000 feet uf conjijlom- 
erate a: id' sandst«»ne. ( )n the ctmtrary. the evidence is that 
the San l*ablo art-a rjf the San I'ernando re^ii n was dry land 
wl'.ili' :liv Mfllenia serie> was beinjj: deposil^^d i:! an inland 
fre>h- water lake in the S<»ledad rej;):ion and then later another 
oroj^'raj^hic disturbance greatly exten<led the Pli«K:ene basin. 
enablinj:,^ the l'pi)er IMiocene ( Pasn Kobles ) series to lap over 
on tr» the .San Pablu. I shall, therefore, provisionally class the 
Mellenia >erie> as Middle Pliocene and suj;:gest that it may 
be an efjuivalent in time (A the fresh-water ( >rindan I»erkeley- 
an anrl C'ampan >eries. thi Middle fMif.jcene representatives 
about the bav of San l-'rancisco. 

The Sauj^its or ui)per fluviatile division of the gravel ser- 
ies is classed with the Pliocene because it belongs on the in- 
ferior side of the great orograi)hic rlislurbance which initiated 
tvTiical ^ hiaternarv conditirjns «»f the Pacific coast. It is the 
very late>t Pliocene in the state. It is (lue to the same long- 
continued and slnw subsi<lence of this .^anta Clara basin as 
the other members of the gravel series: and its accumulation 
crmtinued until it was folded and erosion began. If the early 
Onaternarv di<tur])arce u\ the Pacific coast C(nmtrv occur- 
red at the same time as the ejjcriogenii: upliu that inaugu- 
rated the < hiatcmary in the ea.-lern states, this Saugus div- 
i>i«iii is tile clirunolo'nc enuivalent of the Lafavette fi'irmation. 

Near (iorman's station in the extreme northwestern cor- 
ner of the Lns Angeles count v there is a small Pliocene basin 
lying smith of the Tehachapai range 
mountain. The main basin is 01 
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northeast-southwest and is open to Antelope valley on the 
northeast, but is drained to the south by Piru creek through 
a deep gorge. The main basin is about 12 miles long by 7 
miles in greatest width. An arm extends into the depression 
between Alamo and Fraser mountains. Another narrow arm 
extends along the very deep, narrow depression between 
Fraser mountain and the San Emedio-Tehachapai range. Still 
another ann extends northeast into Antelope valley where 
the same series is probably developed along the northern flank 
of the Sierra de la Liebre. 

This basm is occupied mainly by soft, heavy-bedded 
sandstone. On the north border, along the foot of the granite 
range, there is a narrow belt of lava, rhyolitic in part, which 
has been faulted down into the granite and remnants pre- 
served from erosion. Seemingly a detrital slope of granitic 
debris from the Tehachapai range, was built up over the nar- 
row strip of lava. Near the outer border and toward the top 
this detrital slope material is stratified, showing apparently 
the action of static water. On the west, where the Pliocene 
extends into a sort of cove in the schist-gneiss-granite moun- 
tains, a depression separating PVaser and Alamo mountains, 
the lower division is a buff bed of waterw^orn and water-de- 
posited material from the headwaters of Piru creek, and re- 
sembles the lower or Lang division of the Upper Pliocene 
in the valley of the Santa Clara river. On the southeast of 
the basin where the mountains are low and of Cretaceous 
strata, the lower division is thin and indefinite. In short, the 
lower division displays the influence of local conditions sur- 
rounding the basin, and the Jbeginning of static-water con- 
ditions. 

The middle division and bulk of the series is an alterna- 
tion of heavy beds of light pink coarse sandstones, (with an 
occasional granite pebble,) and finer and more argillaceous 
sandstone of a light olive color. The first may have derived 
its peculiar pink color from the pink feldspar of the granite 
of the Tehachapai range, and the latter its light olive color 
and clayey constituent from the dark olive Cretaceous shales 
on the southeast. This division is sharply and regularly strat- 
ified, not of the alluvial or beach types, and seemingly corres- 
ponds in taxonomic position w^ith the middle or Soledad 
member of the Upper Pliocene in the Santa Clara basin. 
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The upper division caps one of the highest hills in the 
basin, occurs one and one-half miles south of Gorman's sta- 
tion, is splendidly exposed, dips gently to soutliwest and clear- 
Iv overlies the earlier stratified members of the series. In a 
nearly vertical section of about 400 feet there are several 
heavy beds of perfectly walerwom and apparently river-de- 
posited gravel alternating with clayey layers including the 
characteristic red. sandy, clayey, fine-grained, nearly non- 
pebbly material which in Scledad canyon I identified as buried 
soils. In fact, this upper and clearly alluvial division is near- 
ly identical in character with the Saugus or red-banded divis- 
ion of the L'pper Pliocene in the Santa Clara basin. The two 
basins are not connected, but the same physical conditions must 
have aflPected both. ^Ir. Hamlin says the red clays have a 
wide distribution in the southern Coast ranges. 

The middle member appears to be marine in origin. Mr. 
^\'illiam Smith, a rancher and ex-prospector, ^2 years old, 
living eight miles by road south-southwest of Gorman's sta- 
tion, showed me a remarkably well preserved *'scallop" shell, 
(apparently Pcctcn carimtm (iould, common in the Wildcat 
series in Humboldt county,) which he claimed to have found 
in the mountains five miles north where only gneiss or the 
Upper Pliocene are due. There was cemented gravel still 
attached to it. It is not quite clear by what route the sea- 
water reached this isolated mountain localitv, now hemmed in 
by liigh ranges of old rocks, but I rather think it was by way 
of a valley connecting with tlie coastal lowlands to the west 
between the Fraser-Pinos range and the San Emedio range, 
or by the San Joaquin and Salinas valleys. 

The series is tilted toward the center around the borders 
of the basin at angles from lo'- to 30^, but in the central por- 
tion, nuicli of the formation is practically horizontal. The 
estimated combinecl thickness of the lower or static-water di- 
visii»ns is 2000 feet and of the upi)er or alluvial division, 
500 feet. Since uplift, compression and tilting, it has been 
ercnled into small, barren, sieej) hills with many cliffs. The 
mo^t interest ing fact connected with this basin is that marine 
l'pj)er r*li<x^ene strata have been raised on the flanks of Eras- 
er mountain, during the Quaternary era, to an altitude of 
Cooo feet above the 
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THE ROSAMOND SERIES. 

Antelope valley i* a structural depression alx)ut 20 miles 
wide. On the south side there goes down under its floor the 
Escondido series with basic lavas. On the n'^^rth side from a 
point two miles east of Rosamond station on the Southern 
Facitic railway to an indefinite distance west, there emerges* 
from under it a rhyolyte series. Remnants of this constitute 
an east- west range of hills from 500 to 1000 feet high, re- 
markable for their colors of brilliant dark purple streaked 
with white and yellow. They are almost bare of soil and 
very rugged. They have a wide distribution on Mohave des- 
ert and may be distinguished many miles aw?}' from the uni- 
form light brown ridges of granite. 

West of the railroad, a mile and a half north of Rosa- 
mond station, the lava belt, here about one mile wide, bends 
to the northwest and a range of purple and yellow hills ex- 
tends for over five miles in that direction. The strike is 
northwest and the dip to southwest at angles of 10** to 20^. 
Sections are much complicated by faulting and by the orig- 
inal inequalities, but I continued to roughly measure the fol- 
lowing sections (in ascending orden) just west of the railroad 
where the sequence is fullest: 

Type Section of the Rosamond Series wear Rosamond Station. 

Granite. Thickness. 

1. Coarse and fine white sandstone, composed of granite 

debris and rhyolyte tuff, thin-bedded, regularly strat- 
ified and dipping westerly at angles of 10 to 20 de- 
grees, 500 feet . 

2. Bright, light red, stratified sandstone containing granite 

debris, some cobbles and boulders (waterworn) of 
granite and many angular and subangular fragments 
of white tuff, 50 feet . 

3. Light yellow tuff mainly of rhyolyte with an occasional 

pebble of granite ; roughly stratified and dipping south- 
erly, 200 feet . 

4. Massive dark red lava (apparently rhyol>'te) ; varies 

much in thickness, averaging about 100 feet. 

5. Light greenish and yellow rhyolyte tuff, coarse in layers; 

contains abundant and large angular fragments of the 
underlying red lava and an occasional pebble and 
small boulder of granite : roughly stratified and dips 
southerly 10 to 30 degrees, 400 feet . 

6. White rhyolyte, brecciated in layers, 300 feet. 
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7. Light brown coarse sandstone: much granite debris and 

rhyolyte : occurs in limited patches capping knolls,.. 100 feet. 



Total 1650 feet. 

This is preeminently a series of rhyolitic volcanics al- 
though some of the dark lava may be trachytic and some thin 
layers may he basic enough to be andesyte. The prevailing 
purple color of the hills is due to rugged outcrops of the 
dark red lava and the irregular strips of yellow and white 
to the rhyolyte tuffs. 

Four miles west and one mile north of Rosamond sta- 
tion is a low mountain whose colors are light red and pink. 
It is between two purple ranges and separated from them 
by detrital slopes. It is continuous by a low ridge with the 
Willow Springs Mountain, northwest of it probably two miles 
and of similar material. This short range of mountains 
re|)resents a narrow northwest-southeast belt of granite capped 
with rhyolyte, apparently brought up from under the purple 
and yellow series by a fault with upthrow on the southwest. 

The first bright red mountain comprises the Rosamond 
mining district and contains the Fairview and Hamilton 
mines and several prospects. Narrow branching dikes of 
white rhyolyte occur in the granite deep in the mountain, but 
the main mass of rhyolyte seems to be in the form 
of a thick sheet resting on the granite and thrown 
down into it bv manv small faults. Much of this 
rhyolyte contains porphyritic quartzes. Some of it has a sort 
of shalv structure and other is a massive breccia. Under 
ground it is white but on the surface it is much stained 
with iron oxide, giving the mountain its bright light-red 
color. The granite is stained to a dark red in many places 
under the rhyolyte. I think we are here on the site of one of 
the rhyolyte volcanoes. 

This volcanic belt seems to be represented in isolated 
patches along a line trending nearly due west along the north- 
ern border of Antelo])e valley to its extreme western end. 
The j)urple and white lavas occurring in patches faulted down 
into the granite along the southern base of the Tehachapai 
range near Gorman's station are on this sntne line, are of 
similar com])osition and general ai)pearance and doubtlessly 
be-long to the same series. They go under the I'pper Pliocene 



California Tertiary Formations. — Hcrshcy, 367 

sandstone near Gorman's station. The borax mines west of 
Frascr mountain seem to be in connection with another patch 
of them. Probably many other isolated areas will be found 
in the southern Coast ranges. 

The Rosamond belt swings around the western end of a 
broad low undulating granite belt and then starts east again. 
Three miles south of Mojave is the Exposed Treasure mine 
and a lot of other prospects on a low mountain, very rocky 
and showing colors of black, yellow and light brown. The 
hill has a base of granite and over this is a masjive, ver>' coarse 
textured, porphyritic rhyolyte. Associated with and perhaps 
over this is an ordinary white rhvohte of massive structure. 

ar mm 

A black stain on the rhyolyte wlicre exposed gives the black 
color to much of the surface of the hill. 

Soledad i>eak, four miles south of Mojave. is the highest 
and by far most prominent of the rhyolyte hills of this region. 
It rises to 1200 feet above the plain and shows the dark 
red, purple, yellow, light green, etc., of most of the rhyolyte 
hills. The material of a rather dark sj)ur has the macroscopic 
appearance of andesyle, but under a hand microscope appears 
quite acid. Similar material externally resembling andesyte of 
reddish color occurs in manv of the hills near the Santa Fe 
railway, S to 7 miles southeast of Mojave, but most of it out- 
crops like rhyolyte and seems too acid for an andesyte. Doubt- 
lessly some interesting discoveries here await the petro- 
grapher. 

I traced the lava belt eastward by means of a line of 
buttes showing the characteristic colors and toj)ography of the 
Rosamond series, checking occasionally by a close examination. 
It is in the form of a narrow strip, rarely over several miles 
wide, trending easterly across Mohave desert and probably 
marking a line of fissures in the granite. A i)rominent group 
several miles north of Rogers dry lake-bed includes Castle and 
Desert buttes. old land-marks. If the detrital slopes were re- 
moved, the rhyolyte belt would probably be continuous to a 
point about ^xq miles northwest of Kramer. Then there is 
an interruption for several miles, after which the rhyolyte 
sets in stronger than ever and forms a high rugged, purple 
and yellow range trending far to the eastward, not many miles 
north of the railroad. From Hinklev station ei^tward the 
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railroad is close enough to the volcanic range to give a good 
view of it. Long streaks of white and yellow among the 
rocky red strips suggest the bedded tuffs of the Rosamond 
series. In fact, the general appearance even to some details 
is characteristic of that series. A few spots have the peculiar 
small-wrinkled topography elsewhere characteristic of the 
Upper Pliocene terranes. Several groups of purple moun- 
tains in the direction of Randsburg as seen from near Kramer 
indicate outlines of the Rosamond series far to the north from 
the main belt. 

Just west of Barstow is a hill of red and ,pink massive 
rhyolyte. A similar red hill occurs just east of the town. A 
bare rock of the same material stands in the valley }>y Mohave 
river north of town. A small hill of the same is on the south 
edge of town. These are remnants of a thick sheet which 
once occupied the valley. Other remnants occur at the foot 
of black and gray mountains of old dioryte and gneiss, a few 
miles northeast of town. Still farther in that direction the 
view is backed by one of the high rugged groups of dark 
red and yellow-spotted mountains typical of the Rosamond 
series. This is the highest of the region and is five miles north 
of Daggett. An important borax mine is situated somewhere 
on its slopes. The view from Daggett to north, east and south 
shows only rugged sierras apparently all of the volcanic ser- 
ies. It is evident that east of Barstow the rhyolyte spreads out 
over a very extensive territory and becomes a very important 
Tertiary series largely burying the granite and gneiss of the 
old complex. 

A spur from the high red peak north of Daggett comes 
down nearly to Mohave river just northeast of the village. It 
shows typical Rosamond topography and colors at the higher 
levels. I observed in the hills near the border of the valley the 
following phases: 

1. Massive pink lava; appearance on casual survey much lik-e 
andcsyte but on close inspection- with a hand microscope it seems as 
acid as some rhyolytes. 

2. White and purplish rhyolyte : slightly porphyritic. with flow 
structure well developed so as to weather out with the appearance 
of a stratified formation, thin-bedded and highly tilted. 

3. Breccia-conglomerate of lava and granite fragments. 

4. Red sandstones and red shales. 
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5. Stratified fine and coarser tuffs of dark red color, tilted at a 
high angle. 

6. Light red beds of coarse debris of pink granite, lava, etc. 

7. A coarse, roughly stratified dark red tuff containing fragments 
of black lava. 

The last bed is very thick. Its general appearance is like 
the red tuffs of the Escondido series. Indeed all the members 
from No. 3 to No. 7, inclusive, are strongly suggestive of the 
Escdndido series. They dip away from, and seem 
to rest unconformably upon the massive rhyolytes 
which are typically Rosamond. This only confirmed a sus- 
picion which I had before that the Rosamond and Escondido 
series are of about the same age, but that the former is slight- 
ly the older and fumished the material for the fine-textured, 
supposed rhyolyte tuff stratum under the basic lava of Tick 
canyon. 

Remnants of a later series occur in Mohave river valley 
at several points, notably along the railroad about one and 
one-half miles east of Barstow. The following section, in de- 
scending order, of a bluff just north of the railroad, is typical 
of the series: 

Type-Section of Barstow Scries near Barstow. 

Thickness. 

1. Stratified, hard brown material due to arid conditions but 

composition not determined ; persistent stratum over a 
considerable area, * 20 feet . 

2. Yellow and light gray silt, 4 feet . 

3. Stratified, fine gravel and sand of dull red color and con- 

taining red lava fragments, 15 feet. 

4. Structureless bed of white tuff with angular and subang- 

ular fragments of various other rock species embedded 

in it • 20 feet. 

Total 59 feet. 

This formation is extensively developed on the low hills 
on the north side of the valley between Barstow and Daggett. 
It is thin, overlies unconformably the earher series, and re- 
mains generally in a horizontal position but has been ex- 
tensively eroded. It is a valley formation made under arid 
conditions. In a small railway cutting near the bluff where 
the above was taken, this series is locally much broken up and 
overlairf unconformably bv 20 feet of the nearly horizontal. 
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roughly stratified, subangular gravel and clay which seem to 
form low Ouaternary ridges on the south. 

Conclusion 

I will conclude this paper by. evidence tending to fix the 
age of the Rosamond and Escondido series. While studying 
the latter in the field I thought I was dealing with a Middle 
Pliocene series equivalent to the Rerkeleyan and to the andes- 
yte-basalt epoch of the Sierra Nevada region, and the Rosa- 
mond series I correlated with the Lower Pliocene rhvolvtes 
and rhyolvte tuffs about the bav of San Francisco and in the 
Sierra Nevada region ; but evidence is accumulating that both 
are Eocene in age, which illustrates how dependent students 
of stratigraphic geology are on the paleontologists to straight- 
en out schemes of classification. 

Cajon pass, in San P>crnardino county, is due to a north- 
west-southeast fault, obliqueh traversing the Sierra Madre- 
San Bernardino range. Along the fault line there is a nar- 
row strip of Tertiary formations thrust down deep into the 
granite and schist comj)lex. There are remnants of a dull 
yellowish or light brown, well stratified, fine sandstone^ with 
some shaly and white layers suggestive of the Miocene bitum- 
inous shales. There are traces of marine fossils. At one place 
a coarse basal breccia-conglomerate was develoj)e(l where the 
brown sandstone rested on the granite. The general appear- 
ance indicates the Monterey fonnation. 

( )f much greater extent is a pink conglomerate and 
sandstone, which extends in a nearly continuous but narrow 
belt virtually entirely through the pass. Jt is esj)ecially de- 
velo])e(l west of Cajon station. It is usually tilted at angles 
of 20 to M\ averaging about 30". The direction varies be- 
cause it is tightly ])inche(l in between steep granite and schist 
ridges, Imt it is prevailingly northeasterly. The thickness may 
be several thousand feet but no data for a careful estimate 
were taken. The conglomerate is chiefly of granite and schist 
and is coarse, boulders not being uncommon. It is well lithi- 
^L'd and commonly outcro|.)s in great ledges making the struc- 
ture very plain. Its general appearance is like certain phases 
of the basal C(^nglonierate of the Escondido series and for a 
varietv of reasons 1 think thev are identical. 
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Dr. H. W. Fairbanks traced this pink congk^merate and 
sandstone west along the southern border of Antelope valley 
and at Rock creek, nearly midway between Cajon and Soledad 
passes, he collected marine fossils from a stratum conformably 
resting on the typical reddish sandstone. These fossils were 
shown to Dr. J. C. Merriman who thought they possessed an 
Kocene facies, but the material was meager and nothin'g very 
definite can be based on it esi)ecially as the shells have been 
mislaid. Dr. Fairbanks is confident that the fossil-bearing 
stratum belongs over some and is a part of the reddish sand- 
stone series, and cannot have reached its preirent position by 
thrust or b} an overturn. 

Tn 1875, Mr. G. K. Gillxjrt described* from Red Rock 
can von on Mohave desert, not' verv far north from the line 
which I followed, a series of rhvolvte lavas and tuffs over- 
laid by sandstones and more basic tuffs, which seems to be 
the counterpart of my section at Daggett. Dr. Fairbanks has 
studied! the same region and from a similar series southeast 
of Black mountain, he has collected impressions of leaves, 
which were submitted to Dr. F. H. Knowlton, wdio says, 
**they seem to belong to the Eocene.'* 

Dark brown, massive, basic lava like that of the Soledad 
region occurs unconformably under Miocene sandstone in Cal- 
menga pass near Los Angeles. On San Clemente island t 
there are basic lavas overlaid by "fossiliferous, white limestone, 
which may be the equivalent of the Miocene of the coast.'* 
The same volcanic series seems to be heavily developed on 
Santa Catalina island. Mr. Homer Hamlin told me that he 
has found at different places in southern California under un 
doubted Miocene strata just such a basic volcanic series as I 
have described from the Soledad region. Prof. A. C. Lawson 
has called my attention to the presence near the bay of San 
I'rancisco of a rhyolyte occupying the jK>sition of the Eocene. 
Tt is thus evident that there is precedent for finding Eocene 

volcanic material both acidic and basic in southern 

9 

California and the Rosamond and Escondido <eries mav well 
be tentatively placed in that group. The evidence is very meag- 

• Geogruphical Survey West of the 100th Meridian, vol Hi, p. 142. 

t Amrkican Gfologist, vol. xvii. February, 1896, p. 68. 

t liuUetin of the Department of Geology, l-niver«itv of California, vol. i, 
No. 4. p. 133. 
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THE SPECIMEN OF NEMATOPYTON IN THE NEW 

YORK STATE MUSEUM. 

fSj CHAirLKt S. P«o»ftEii. Coitiir.ba*. O : ^. 

\u .1 '.'iiint of the tollecti-ri of "A V'*<>\\ plani from Or- 
an;."- f//iinty j \. V.j by J. N. Xevui>"Tha> iu>t come to the 
:i^\*'U\'y >r\ of the writer. Mr. Xevius stated that he was "in- 
forii;''! )j> tiic '•talc j^eolojri>t oi the existence of a large 
fo--iI j/iaiit at Monroe. TJran^e Gi.. in the up|x^r Devonian 
-;ino-t/,t|«'. V. hi*?! i^ thonjrht to lieloni;; to the Hamihon group, 
.... '1 })'■ plant wa** inilK-rUled in the typical thin -bedded, blue 
""niKi-toTM- of that rej/ion. which i^ extensively used for flag- 
tijni;,'. ft uas located in a cut which hat! l>een excavated to 
obtain na;^';,Mn^'. on a side hill about a mile and a half north- 
ward of thr village f*\ Mrmroe.'l 

• llnllctin So. :» of the \tuneum of Comparative Zoology^ at Havard Col- 
Iriff. vol. XX viii. 

Hulletin of the Ifejuirtment of Geology, I'nivcrsitv of Cnlifomia vol i\ 
No. H. pp. 21^4. 247 

i S' v. Stnte Museum. Fifty-*ccond An. Rept. of the Kcj^entii 1898 vol ] 
n»O0. fip. r 7ii-r K2. pliitcs 13. ' ' * 

t Jhiil . p. r 79. 
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It was further stated that "A« no paleobotanist has yet 
studied this specimen, its identity is not determined .... Prof. 
John M. Clarke, assistant state geologist, suggests that it 
may be the gigantic seaweed, described by Dawson under 
the name *Celluloxylon primaevum.' * * Whatever the family 
and species of this plant may prove to be, it is extremely 
rare from this horizon."* While in a foot note on the same 
page is the statement that "Since the above .was written a 
microscopic examination of a part of the trunk has been made 
by Prof. D. P. Penhallow who determines it to be Nematophy- 
ton logani Dawson." The succeeding report contained the fol- 
lowing account of the "Nematophytum at Monroe " by the 
State Paleontologist, Dr. John M. Clarke; "Two or three years 
ago the writer urged on the late state geologist and paleontol- 
ogist the importance of securing for the museum a specimen 
of the so-called 'fossil-tree* from the Hamilton rocks at 
Monroe, Orange Co. The fossil had been found on the farm of 
O. H. Cooley, whose father had years ago sent specimens to 
Prof. Hall for examination. It represents a great trunk-like sea- 
weed of the genus Netnatophytum, which has, by the favor of 
Prof. D. P. Penhallow of McGill University, been identified with 
his Nematophytum logani. When originally found, the length 
of this alga was 24 feet. Visitors during a number of years 
carried away parts of the trunk, till at the date referred to only 
about 12 or 14 feet remained. As a result of the wj"iter's sug- 
gestion, the specimen was obtained by the director of the state 
museum and now rriakes a striking specimen m its collection. 
Subsequently Mr. Cooley uncovered several more such great 
trunks and the writer has visited the locality to see if any of 
them would be a material addition to that which we already 
have. The other specimens, however, are much shorter and 
less perfectly preserved, and it has therefore seemed unnec- 
essary to incur expense in order to acquire additional exam- 
ples of this great seaweed."! 

Dr. Clarke has written mc that when he "was last at the 
locality there were six smaller trunks in sight, and although 
I did not want any of them I suggested that Mr. Cooley 
open negotiations with the iarge museums which I think 

• Ibid., p. r 81. 

t Ibid., Fiftv-thiM An. Rept. of the Regentn. 1899 vol. i. 1901. pp. 674-676. 
The "Report of the State PaleontoloRiat, 1899," howcTcr. Dvhich contains the 
above account wa« published in 1900. 
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he did, but I am not certain ;vliether he succeeded in dispos- 
ing of any of them, though my impression is that Yale se- 
cured one of them/' He also states that "when Dr. Ries was 
making his survey of Orange county he sent in a report about 
this seaweed*' and further that "we have a memorandum of 
material collected by Mr. Van Deloo in 1870 which must 
indicate about the date at which this material was brought 
to the attention of this office".* In a later letter Dr. Clarke 
stated that "The large alga, doubtless that with which you 
are acquainted, lay at some distance from those unearthed 
later but all were in the same Monroe shales. From what 
Mr. Cooley told me (he seemed to recall your visit) your 
specimen was that from whicli his father «ent fragments to 
Hall."t 

In the summer of 1890, the writer visited Monroe and 
studied the geolog\' of Skunncmunk mountain to the north- 
west of that town. Xear the base of the mountain about one 
and one half miles northwest of ^Monroe, a small quarry on 
the farm of Mr. Ogden Cooley was examined. In a paper 
entitled *' Notes on the geology of Skunnemunk Mountain, 
Orange county, New York," the writer after briefly de- 
scribing the location and rocks of this quarry stated that 
** Fossil wood was also found near this ledge which was 
apparently contained in a concretion and called the 'fossil 
trees* by Mr. Cooley. The specimen obtained from this 
locality has been studied by Professor F. H. Knowlton, As- 
sistant Paleontologist of the U. S. Cieological Survey, and 
he identifies it as Cell iiloxy Ion prirnvsiviim Dn."J Part of the 
specimen was later submitted to professor Penhallow who 
published a paper entitled "Notes on Xcmatophyton crassiim* 
based upon this material and specimens of Cclhdoxylon prim- 
aci'um from the tyjK" locality of Hopewell, near Canandaigua, 
N. Y. As a result of this study professor P^enhallow wrote 
as follows: "Comparing these spechuens with the type of 
Xcinatophyton crassum we find they agree with it in all 
respects except the absence of intercellular filaments from the 
former and their ])resence in the latter. But this diflference 
may safely be attributed t(^ the operation of greater alteration 

• Letter of March 28, 1902. 

t Letter of April 2. 1902. 

t Trans. -V. Y. Acad. Set'., vol. x\, 1802, p. 139. 
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in one case than in the other, and it is therefore admissible 
to consider that my reference of Celluloxylon primsevum to 
Ncmatophyton crassum was not only correct [in a former 
paper, Trans. Roy. Soc. Canada, Vol. VII., Sec. IV., 1889, 
p. 29], but that it receives striking confirmation from these 
specimens."* 

Five years after the writer's visit to this locality it was 
studied by Dr. Heinrich Ries who gave the following account 
in his **Report on the Geology of Orange county:" "About 
one and one-half miles northwest of Monroe, on the south- 
west base of the mountain [Skunnemunk], and 30b feet lower 
than the Davidson quarries, are several small quarries on the 
land of O. H. Cooley. The rock is a thin bedded sandstone, 
with shaly layers, which have been polished to a high degree 
by shearing. Concretions occur in the shaly layers and 
also in the coarse sandstone kdge to the northeast of Cooley 's 
largest opening. The shales contain abundant remains of 
plants, commonest among which is PsHophyton, Several 
of the others were submitted to Prof. Knowlton, but they 
were too fragmentary for identification. Prosser notes the 
finding of Celluloxylon primsez'um, as identified by Knowl- 
ton. The specimen found 1 y Prosser represented the end 
of a stem protruding from the sandstones of Cooley^s quarry. 
At the time of the writer's visit in September, 1895, Mr. Cool- 
ey had uncovered the specimen to a length of twenty-nine 
feet. The * fossil tree' has a diameter of fourteen inches at the 
upper end and eight inches :it the lower end. To this point 
it dips about thirty degrees along the bedding; the stem 
then makes a sharp turn, and can be seen extending downward 
several feet more at an angle of about seventy degrees."t 

Dr. Ries has written me as follows regarding this subject: 
^-l did not hear of any other specimens of Celluloxylon in 
neighboring quarries. At the time of my visit there were 
several large pieces at the opening which Cooley said he 
had removed from the end of the trunk. I believe these were 
obtained bv Dr. Hollick for Commbia. I had an idea that the 
pieces which Air. Nevius got had bee n removed from the 

• Sec Ibid., p. 143; and Proc. U. S. Nat. Af us., vol. xvi. 1893, p. 117, where 
Professor Penhallow'a paper was pablintaed. 

t Fifteenth An. Rep., State Geologist for the year 1895, vol i. 1897, pp. 
416. 417. 

New York State Mu»euta, Fortj-ninth An. Rep. of the Reflrents, 1895, vol. 
ii. 1898, pp. 416, 417. 
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original opening after my visit. Mr. Cooley in '95 told me 
he intended blasting deeper to expose more of the stem. As 
uncovered at the time of my visit, the stem was seen to extend 
nearly horizontal for a few feet and then bend steeply down- 
ward."* . 

The magnificent specimen now in the New York State 
Museum collected by Mr. Nevius was obtained according 
to Dr. F. J. H. Merrill *'from the farm of Ogden H. Cooley, 
near Monroe, Orange Co., N. Y.,tand was apparently from 
the same quarry- as that mentioned above. Excavation sub- 
sequent to the writer's visit revealed the immense specimen 
and it is almost certain that the fragments found in 1890 came 
from the trunk secured by Mr. Nevius. 

The above notes were submitted to professor Penhallow 
who has written me the following letter regarding these spec- 
imens : "On referring to my notes, I find that the specimen re- 
ferred to you as determined to be N. Logani, was sent 
to me by Prof. Clarke under the impression that it might 
be A^ Ortoni, but there was no indication whatever that it 
had been derived from a stem previously examined. The 
material came in two lots. The first showed typical Cellu- 
loxylon 'Structure, and no normal structure of a determinable 
character. The second lot was somewhat better, and showed 
some fairly v;cll preserved structure which served to indicate 
the improbability of identity with A^. Ortoni. At the same 
time the form of the radial spaces suggested A'^. Logani as 
the nearest affinity. The occurrence of Celluloxylon struc- 
ture is not incompatible with any species, since it only repre- 
sents a condition of preservation. A\ crassum and A''. Logani 
closely resemble one another, and since my last notes on these 
plants, a more extended opportunity to study fresh material 
of the Laminaricae under var>'ing conditions has shown that 
when sections are taken from different portions of the same 
plant, one may note structural variations quite parallel with 
those exhibited by some of llie so-called species of Ncmato- 
phyton, and in consequence of these facts, I have been some- 
what more strongly disposed to the opinion expressed in one 
of my papers, that the species so-called, which have been 
differentiated for purposes of convenience, may in many cases 

• Inciter of April 6. 1902. 
X Letter, March 4, 1902. 
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be identical. This view would seem to gain support from the 
facts recited in your notes, wlrich at any rate show how diffi- 
cult it is to accurately identify fossil plants when they pre- 
sent different conditions of preservation involving an extend- 
ed obliteration of structure. 

The differences exhibited by the various specimens of the 
New York plant examined by me, are such ats might well 
occur between the stipe on the one hand and the hapteres on 
the other. Replying to yoiir question 'Is N, crassum now 
considered a synonym of N, Logani' . I may say that I have 
never formally accepted this view, though such may eventually 
be found to be correct; and in view of all the circumstan- 
ces of the present case, I should be inclined to designate the 
N. Y. specimen as A', crassum according to the first deter- 
mination, reserving its exact identity with iV. Logani until 
further evidence is obtained, ffs I do not believe in changing 
names, or in combining possil>le species opce determined as 
such, unless ihe evidence is very good."* 



TOURMALINE CONTACT ZONES NEAR 
ALEXANDRIA BAY, N. Y.t 

By C. H. SifYTH. JM., Clinton, N. Y. 

The north-west end of Wellesley island, St. Lawrence river, 
is made up of two formations, the older of sedimentary, the 
younger of igneous, origin. Both formations have been meta- 
morphosed, but not sufficiently to hide the evidences of their 
origin in a large way, altho their precise delimitation has been 
rendered obscure at many points. 

The older formation comprises a variety of schists and 
banded gneisses, together with one prominent belt of vitreous 
quartzyte. The last appears, often as a bold ridge, on the 
northwest side of the island, beginning south of Westminster 
park and extending brokenly several miles southward, show- 
ing in quantity on Grindstone island. The rock is white, gray 
or pinkish, consisting of quartz with just enough feldspar and 
mica to show a slight foliation. The strike is about north 45 
degrees east and the dip 80 degrees north. 

• Letter of March 12th, 1902. 

t Based upon Field-work done for the State Geologiat of New York. 
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Typical quartz\tes are not common in this part of the 
state, and it is interesting to see such an excellent representa- 
tive of pre-Cambrian sandstone. 

The schists and gneisses of the sedimentar\' formation are 
less satisfactory to deal with. They range from white to 
nearly black and, tho in typical exposures iquite recognizable, 
often take on a more massive habit, and then are difficult to 
distinguish from the more gneissoid members of the igneous 
formation. As the quartz\te is considered a metamorphosed 
sandstone, so these schists and gneisses are regarded as re- 
presenting the muds and clays of the same mass of sediments. 
Similar quartzytes and schists occur some miles to the south, 
associated with crystalline limestones, the interval between 
showing the schist in abundance. 

All the facts justify a correlation of the Wellesley island 
metamorphosed sedimentary formation with tTie great pre- 
Cambrian sedimentary' series of the Adirondack region. 

The igneous formation of the island is. a granite or granite- 
gneiss, usually the latter, of rather fine grain, and red, pink, 
or light-gray color. It consists essentially of quartz, pink 
or white feldspar, (orthoclase, microcline and acid plagioc- 
lase, ) hornblende and biotite, with the usual accessories. 

The igneous origin of the rock would be assumed upon 
purely internal evidence, but is established beyond a doubt 
by structural data. Eruptive contacts between the granite ana 
the schists occur on all sides. The granite contains fragments, 
of every shape and size, torn from the schists and quartzytes, 
while the latter rocks are cut in every direction by dikes and 
veins of granite ranging from yards to fractions of an inch 
in width. 

Jt is with the phenomena of some of the latter that this 
paper is particularly concerned, but before taking them up a 
word may be said as to the correlation of the granite. 

Like the sedimentary formation, the granite is continued 
on the mainland southward and can not be distinguished from 
the great granite-gneiss formation of the western Adiron- 
dacks. The latter is an igneous complex, younger than the 
sedinu-ntary scries, made up of granite, sycnyte, dioryte and 
related rocks, of various periods of intrusion, and ranging 
from strongly foliated to wholly massive textures. While 
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there is abundant evidence that this great formation is the 
product of a long continued series of intrusions, the diffierent 
members are so connected by every intermediate gradation, 
both of composition and of texture, and often so metamor- 
phosed, that their precise classification, lithological and chron- 
ological, is extremely difficult, and in many cases impossible. 

In the locality here considered, particularly near the shore 
opposite Alexandria bay, and in Westminster park, the larg- 
er dikes cutting the schists have all the characters of the main 
granite gneiss body. But the narrow dikes and veins have a 
markedly different nature and composition. Foliation 'is 
entirely lacking and the rock becomes coarser grained, more 
quartzose, ranging indeed to nearly pure quartz, while tour- 
maline becomes a conspicuous ingredient. In other words, 
these narrow offshoots take on a pegmatitic habit, though 
on a small scale. 

A striking feature is the distance they extend from the 
parent mass. A miniature pegmatyte dike, only a fraction 
of an inch in width, mav cut the schists for manv vards. In 
this respect and in the highly quartzose character of some 
of these dikes there is a strong resemblance to purely aqueous 
veins. 

But the most noticeable phenomenon presented in con- 
nection with the dikes and veins is their marked influence upon 
the surrounding schists. The latter rocks sometimes show 
changes similar to those described below, at the contacts with 
the main intrusive body, or with the large dikes that preserve 
the character of the main body. But these changes are small 
in amount as compared with the magnitude of the intrusion, 
and are exceptional. When, however, the narrow offshoots 
cut the schists the effect upon the latter is marked, tho var- 
iable in amount. 

Along the margins of the dikes and veins the schists con- 
tain bands or irregular bunches of granular black tourmaline, 
fonning a fine-grained, lustrous, black or gray rock. The 
tourmaline may be evenly distributed through the schists, or 
in bands parallel to the original foliation, the latter arrange- 
ment being very frequent. One side of a dike may have a 
tourmaline zone several inches wide, while the other side 
shows none. Again, irregular masses of tourmaline may 
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struggle off at right angles to the dike, while large masses of 
tourmaline may be separated from the dike by several feet of 
unchanged schist. Or a dike two or three inches wide may 
show no tourmaline zone, while a mere film of quartz may 
have a considerable zone on each side. In other cases, the 
tourmaline forms narrow marginal zones in the granite dike 
itself, frequently sending strings and bunches well into or 
quite across the dike. Indeed, it is quite impossible to des- 
cribe the extreme irregularity of shape, size, and distribution 
shown by the tourmaline zones. 

At some exposures, there is a network of the tiny dikes 
so that the surface of the schists is marked by a series of 
black ridges, since the tourmaline rock is resistant to weather- 
ing. 

In a general way, the amount of tourmaline seems to vary 
inversely as the width of the dikes. There is no doubt that 
the smallest dikes have tourmaline zones disproportionately 
large as compared with the zones of wider dikes. Apparently, 
too, the amount of tourmaline becomes relatively greater as 
the offshoots become more quartzose. This is, however, little 
more than a restatement of the preceding relation, since the 
narrow offshoots are usually the richest in quartz. 

The phenomena sketched resemble in many • ways those 
described by Patton,* though on a smaller scale; and they 
evidently have been produced by a class of processes, now gen- 
erally regarded as explaining many pegmatytes and ore de- 
posits, in which gases, vapors, and very hot solutions de- 
rived from igneous magmas are the most potent factors. 

It seems probable that the granite magma was forced, un 
changed, into the larger fissures of the schists, while, being 
charged with water vapor and gases, it was subjected to a 
process of separation, by which the vapors and very fluid pro- 
ducts of hydro-thermal fusion were injected into the narrow- 
er cracks, often wandering far from the main intrusive 
body. The larger cracks would thus be filled by the more 
normal granite magma. And as a matter of fact we find in 
them the tourmaline granite of somewhat pegmatitic habit. 
The smallest cracks, on the other hand, should show the wid- 



• H. B. Patton. Tourmaline and Tourmaline schists from Belcher Hill, 
Colorado. Bull. Gcol. Aw. A', pp 21-20. 
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est variation from the normal granite; and, as above stated, 
they are often a mixture of quartz and tourmaline, or they 
may be nearly pure quartz. Indeed, starting from the nor- 
mal granite, we might expect to find a gradation to a pure 
quartz vein, the latter being filled by hot solutions of silica, 
having their origin in the granite. As a matter of fact, this 
series is pretty well represented, but the quartz as a rule is ac- 
companied by some tourmaline. The latter mineral is, of 
course, indicative of the boric vapors so common in granite in- 
trusions, particularly, as here, characterizing a marginal, or 
contact, facies. 

The small cracks should, according to the above hypothe- 
sis, have relatively the largest tourmaline zones, which, as 
already stated, is the fact. 

The irregular distribution of the tourmaline zones is to 
be accounted for as resulting from varying quantity of boric 
emanations in different fissures, as well as from a varying 
degroe of permeability of the schists. Moreover, the irreg- 
ularity is doubtless in some cases, sensibly exaggerated by 
the fact that there is only a small angle between the plane 
of the tourmaline zones, and the surface of outcrop. 

As bearing upon the condition of the magma filling the 
fissures, one further fact mav be added. In the tourmaline- 
granite filling cracks a few inches wide, the tourmaline is in 
well-defined prisms, evidently the first of the essential min- 
erals to crystallize. Practically all of these prisms lie ap- 
proximately at right angles to the course of the fissure. Had 
the tourmaline crystallized before the magma was forced into 
the fissures, the prisms would, beyond question, tend to He 
parallel to the sides. It is thus evident that the fissures were 
filled bv an entirelv fluid material and that all of the minerals 
of the granite, with the possible exception of some accessories, 
have cr>'stallized in their present position. 

While the foregoing explanation would account for the 
phenomena as practically contemporaneous, there can be no 
doubt that the filling of minor fissures by deposition from 
heated solutions would continue long after the actual period 
of intrusion. In this way pegmatitic dikes and veins would 
form which would cut the earlier filled fissures. Such rela- 
tions are actually seen in the field, but it is impossible to say 
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how general they may be. It is, of course, possible that the 
later quartz veins belong to a period entirely subsequent to the 
cooling of the intrusive rocks. 

In thin section, the rock of the tourmaline zones shows 
no features of particular interest. It is simply an aggregate 
of rounded grains of strongly pleochroic tourmaline, with 
quartz and very little feldspar. While no sections have been 
found showing the various steps involved in the passage from 
normal schist to the tourmaline rock, it is evident that the 
process consists essentially of the substitution of tourmaline 
for the biotite of the schist, the latter mineral being abundant 
in the schists but quite lacking in the tourmaline zones. While 
quartz may have been replaced, to a less extent, there is no 
evidence of the fact. 

This substitution of tourmaHne for biotite is in perfect 
agreement with the phenomena described by Patton,* but un- 
like the cases described by Lingren.f where the ferromagnesian 
minerals are unaffected. However the latter instances of 
tourmalinization are in connection with aqueous veins, not 
dikes, and the different conditions have yielded different re- 
suits. 

The granite has no features demanding special considera- 
tion. As already stated, the small dikes contain abundant 
tourmaline which resembles that of the contact rock, but is 
often idiomorphic. The feldspar in these dikes is largely 
microcline. 

In connection with the foregoing facts, interest attaches 
to the localities in the towns of Alexandria and Omar, which 
furnish specimens of pink feldspar and specular iron oxide 
to be seen in many collections. 

About a mile south of the river there is a considerable ridge 
of dark green or gray schist of var^-ing composition, often 
calcareous, and evidently belonging to the sedimentary series. 
This schist is cut through and through by granite in every 
variety of dike, sheet and boss, affording the best example of 
intruj-iye structures to be seen in this region. Strangely 
enough, contact zones are inconspicuous, but one cannot spend 
an hour on this ridge without being led to think that in it 

Op. cit., p. 24. 
+ W. LiKDGRRN. Metasomatic Processes in Fissure Veins. Trans. Am. 
Inst. Mia. Eng . A'A'A', pp. 626-644'. 



Tourmaline Contact Zones. — Smyth. 383 

must be the old mmrrzi localities, and such proves to be the 
fact. The writer had no time to make a careful search for 
these, but three or four openings were found and examined. 
The minerals occur in clearly marked veins, cutting sharply 
across the foliation of the schists. All of the openings found 
were in a part of the ridge where intrusive phenomena were 
less marked than usual, and this, together with the fact that 
the minerals occur in what are essentially quartz veins, which, 
moreover, carry some calcite, might lead to the conclusion 
that they are not to be connected with the igneous activity. 

But such a cf»nclusion is negatived by the fact that it is 
possible to find every gradation from these mineral veins, 
through pegmatytes, to dikes of normal granite and thtre 
seems no question that the veins owe their existence to the 
granitic intrusion. The character of the veins and their dis- 
tance from the most intense igneous activity point to the con- 
clusion that thev are in realitv mineral veins, and not dikes. 
In other words, they result from the filling of fissures not by 
a normal igneous magma but by hot concemrated solutions 
charged with gases and vapors derived from the neighboring 
magma. 

As in the case of peginatytes, to which these veins are 
closely related, it is impossible to draw a sharp line between 
fusion and solution, indeed it is clearly recognized that no 
sharp distinction exists. But since much smaller fissures 
occurring in the region* of greater intrusive activity are filled 
WMth normal granite, the conclusion seems obvious that the 
veins were filled by solution. The lack of tounnaline as a 
conspicuous niineial of the veins, and the absence of change 
in the walls are in harmony with this view. The character 
of the phenomena presented here may have resulted from the 
greater distance of the veins from the main intrusions or from 
their being of later date, forming during the cooling of the 
magma. 

Hamilton College, Clinton, N. Y. 
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DETfRMlNATlON OF THE CAMBRIAN AGE THE 
MAGNESIAN LIMESTONES OF MISSOURI. 

By Chaelbs R. Kbybs, Dea Moines. Iowa. 

In many places in the recent reports of the Missouri Ge- 
ological Survey, certain formations comprising the lower part 
of the great Magnesian limestone sequence — the Ozark series 
of Broadhead— of southeastern Missouri, are referred to as 
Cambrian in age. Many of these references to the Cambrian 
are without special qualification, or adduced proofs of state- 
ment, just as is frequently mentioned the geological age 
of any tefrane, the relationships of which to associated for- 
mations are thought to be well understood. Some of the ref- 
erences to the Missouri Cambrian are, however, more than 
merely incidental in import. It is the purpose of the present 
note to call attention to the character* of some of the data upon 
which wais based the assignment of a Cambrian age to a con- 
siderable part of the section which had long been called Sil- 
urian; and to point out that the proofs are even very much 
more conclusive than is indicated bv any that have been men- 
tioned in print. 

Lately, several articles have appeared in which the real 
significance of the published data of the Missouri Survey 
seems to be overlooked. In one of the most recent of these 
papers*, some of the references in the Missouri reports are 
pointed out as evidence that the foundation for the determin- 
ation of the Cambrian age of the southeast Missouri terranes 
was insufficient; and additional notes are offered as the first 
definite facts to be adduced on this subject. 

Ever since the publication of the Paleontology of Missouri, t 
the geologists of that state have been conscious of the de- 
sirabilitv of havin<r published at the earliest opportunity all 
the evidence hearing upon the Cambrian age of most of the 
great Magnesian limestone series of the Ozarks. At the time 
that the general paleontological reports were issued considera- 
ble <lato relating to this phase of the subject had been already 
acciiinnlated, hut as the original manuscript which had been 
completed two years before, had been greaty expanded just 

• Am. Jour. Sci., (4.). vol. xii, p. 302, 1901. 

f Missouri (ieol. Sur., vols, iv and v, 1894-. • 
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before going to the* printers, it was not thought feasible to in- 
terrupt the printing by incorporating matter that was new, 
yet incompletely studied However, a paragraph on the gen- • 
eral conclusions was inserted at the last moment in the chap- 
ter on stratigraphy. It was planned to soon issue a special 
volume on the Cambrian fossils. 

At the time of the appearance of the general summary of 
the Paleontolog\' of Missouri the following conclusions re- 
garding the Cambrian of the region were stated : "The geol- 
ogical age of the Paleozoic formations of Missouri, from the 
top of the column down to the base of ihe Trenton limestone, 
has been determined satisfactorilv. Below the calcareous di- 
vision last mentioned is a great thickness of dolomitic lime- 
stones, with intercalated sandstone beds. These form what 
is conimonlv kno;vn as the 'Magnesian limestone' series. The 
lithological characters are very different from those of any 
of ihe later calcareous beds. Heretofore, fossils have not 
been fcund abunduntlv in these formations: vet recent obser- 
vations have indicated that extensive faunas will be disclosed 
before long in the rocks under consideration. Although it 
has been long known that the Magnesian h'mestones are 
older than ihe Trenton, and that they lie immediately upon 
and a£>ainst the Archean crvstallines unconformablv, their ex- 
act geological age has always remained unsettled. There 
seems to be but little doubt, however, that part of the sequence 
is equivalent to the Calciferouis of other regions. It is also 
pretty well determmed thae certain of the lower beds, all below 
the 'Sacharoklal sandstone' perhaps, are representatives of the 
Upper Cambrian or Postdam. These conclusions appear well 
grounded both upon stratigraphical and faunal evidence. The 
rocks of the Ozarn region have not as yet received the neces- 
sary detailed studv to enable the several lines of terranede- 
markation to be drawn with certainty. This investigation is 
now being carried on as rapidly as possible, and promises 
very satisfactory ?»nd interesting results in the near future." 

The actual evidence upon which the above quoted statements 
were made wa« very much more extensive and conclusive than 
that adduced by Btecher a decade later*, as reference to the 
** Missouri Palcontolog>^" plainly shows. Not only were all his 

• Am, Jour. Sci., (4). vol. xii, pp. 462-463. 1901. 
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trilobitic genera noted, but at least half a dozen others among 
whicli may be mentioned Conocephalus, Bathyurus, and Ag- 
rauhis. Altogether between 70 and 75 species that were iden- 
tifiable were found by members of the Missouri Geological 
Survey before the few fragmentary specimens mentioned by 
Beecher came into his hands. 

In regard to the little brachiopod, Lingulclla lamborni 
Mei.k, as a determining factor of the geological age of the 
rocks of southeastern Miissouri, it may be said that it was 
distinctly recognized that its value was nil. In fact, it at no 
time ertered into consideration. Winslow's statements*, re- 
garding the age of the Magnesian limestones, it is believed, 
were based upon notes taken several years previous, l^efore 
fossils had been found abundantly in the rocks in question. 
My own statementst quoted by Beecher, that in the Mine la 
Motte district *'no strata younger than Cambrian are be- 
lieved to be represented," and that "but few fossils have been 
found in the rocks of the area, so that the fossil evidence as 
to the geological age is somewhat meager" manifestly apply 
only to the small area upon which the sj>ecial re|)ort was 
made — aft area in the granite region, 13 by 17 miles. The 
statements are clearly not general observations on the whole 
of the state. As recentl}- quoted a very erroneous impres- 
sion is given. 

In this connection, it mav be mentioned that soon after 
the publication of the report last alluded to, Mr. Greger, of 
the Missouri survey also collected in south Missouri a large 
nuinbc" of Cambrian forms, in addition to those species previ- 
ously obtained. His account and descriptions of species were 
to have been printed more than two years ago. 

T\v: Cambrian age of the Magnesian limestones of south- 
cast Missouri was also inferred from data derived from two 
other jidependcnt methods of correlation. Carefully made 
geolo<.rical cross-sections clearly showed that most of these for- 
mations lay heneath the base of Lower Silurian or Ordovician 
rocks. As to geological age. everything down to the bottom 
of the Trenton limestone had long Iwen definitely deter- 
mined t Moreover, exact comparisons regarding the lith- 

• U. S. Gtol. Sur.. Hull. 132. p. 11, 1896. 

f Missouri Gcol. Sur.. vol. ix. pr. iv. p. 4>4-. ISO.'. 

t Missouri Geol. Sur.. vol. viii. p. 99. 1896. 
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ologic sequences in the neighboring localities indicated that a 
part, at least, of the Magnesian limestones were equivalent 
to what in the adjoining states were undoubted Cambrian 
terranes. 

There were, then, three separate and distinct lines of in- 
quiry ijto the age of the southeastern Missouri rocks. The 
data derived from any one of these was amply sufficient to 
fix the stratigraphic position of Magnesian sequence beyond 
all reasonable doubt. 



SAINT AUGUSTINE AND HAECKEL. 

EPITOME OF HAECKEL's "WORLD KIDDLES." 

Persifor Frazer, Philadelphia. 

At a reunion dinner, given by Dr. Beverley Robinson of New York, 
to the survivors of the class of 1862, University of Pennsylvania (arts), 
in celebration of the fortieth year since their graduation, Dr. Persifor 
Frazer read to his classmates the following synopsis of Ernst Haeck- 
el's "Weltrathsel." 

At its conclusion the participants, including three clergymen, united 
in a resolution of thanks offered by one of the latter to professor 
Haeckel for the kind greeting he had extended to the class through 
Dr. Frazer. Ed. 

.\llenuated jelly fills dimension's every place. 

Nor cold nor warm nor palpable it co-exists with space. — 

A thrill of condensation, and the atoms first exist. 

They tend to go on shrinking, and this protyle to resist. 

Thus force results and shows itself by radiance and motion ; 

The atoms draw together forming islets in the ocean : 

The strain increases, heat ensues, the temp'rature's appalling, 

The universe is flecked with matter boiling, bursting, falling. 

When, following a partial truce, both halogen and metal 

The calmer realms of boundless space in mated couples settle, 

Still it was hot, and none but pyrogenic families flourished; 

Volcanoes were the mother's breasts that baby crystals nourished. 

Some million cycles went their way. the angry clouds abated 

And other, cooler molecules were born from atoms mated. 

First Carbon, with a harem such as only chemists know, 

Began his endless offspring: followed soon by H2O 

Which floated from the lowering clouds that owed to it their birth, 

Until it left uncovered but a third of all the earth. 

Yet ere the earliest vapor from its latent heat had parted 

Had Carbon, the Lothario, extensive families started. 

Anhydrous carbonates, so-called, with beauty soft and placid. 
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Always prepared to fill a gap or yield carbonic acid. — 

Our globe, the merest accident, now put a different garb on: 

To wit, a drop of water fell upon a hydro-carbon. 

The latter liked it, swelled apace, and having passed the spasm. 

Just multiplied by fission, — and behold our protoplasm ! 

Hence rose a progeny which needs ten thousand books to treat them 

Of Plasmodomous cells, and groups of Plasmophags to eat them. — 

Of Plasmodomous cells, and groups of Plasmophags to eat them — 

These Protozoa (single cells) improved their opportunities 

By independent union in Cocnohian communities. 

They congregated closely but without connective tissue. 

By fission, spores, gemmation, were produced their further issue. 

Mctasoic federation, next, the simple cells annexes, 

And swaddles them in tissue, and divides them into sexes. 

The Gastrula with double layers evolves in time but, slowly ; 

The bloodless Coelentaria of course are the more lowly. 

The Coclomaria have blood, and cavities, and so forth, 

And from these federated cells man's ancestors now go forth. 

A little ball and nucleus of membraned protoplasm 

By vastly various products spans the whole biotic chasm. 

The "ego" of the dog or man as Cytula is started, 

Iw^o cells and nuclei coalesced with parents traits imparted. 

Not only frame but soul results, a life becomes reality 

Till cellular secession and its consequent mortality. 

The path through earliest forms of life cannot be always threaded. 

For rocks cannot preserve the forms of plastic cells imbedded. 

So that the first beginnings of incipient zoology 

Are reasoned by analogy from studies in ontology. 

Yet, from the close agreement of the embryonic stages 

With the order of succession during geologic ages. 

Sufficient facts are furnished for analogy to go on 

In naming as our Adam a Laurentian Protocooit 

Which, then, through worms and mollusks in a constant progress 

rises 
Uj) to the stage of vertebrates — the end of all surmises. 

The time was scarce Devonian when our predecessors' wishes 
Were gratified by reaching this exalted state — as fishes. 
Promotion followed slowly: first amphibian tails and claws. 
Then Permian Reptilia with poison in their jaws. 
Still higher rose our parent stock to realize our dreams, 
Ambitions to be Mammals they commenced as Monotrcmcs. 
But this was not sufficient, and at quarter past Jurassic 
They grew to be Marsupials and made that structure classic. 
The hour was scarce Cretaceous when from mammals elemental 
They took the next degree above and budded out placental. 
Nor here did effort sleep, as once the handsome youth Endymion, 
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But upward through Lcmurian shapes they reached the form pro- 

simian. 
As primates Catarrhinac, Cynopitheci, were passed ; 
Pithecanthropus alalus then, and speaking man at last. 

So much for our material frame, and is it then the whole, 
Or is there left to study the department of the soul. 
An immaterial something with our bodies but a span 
Surviving as the **ego" the decaying trunk of man? 
How this which was created in the blastodermic sphere 
Can fail to share its body's death is anything but clear. 
In sound and healthy bodies its capacities are best, 
Weak when the body weakens, vanished when it's laid to rest. 
So close is the connection of the soul and its receptacle. 
That claim of life hereafter make unbiased thinkers skeptical 
The difference of mind and soul, whatever be our leaning. 
Is difficult to formulate in words of simple meaning. 
More difficult, if creatures of environment are we, 
It is for us to deem our wills in any manner free. 

The laws of substance and of force, when all is said and done, 
Are merely paraphrases, and in point of fact are one. 
We see but one, embodying , all the so-called Nature's laws. 
To feeble Human intellect the First and Only Cause. 
That law of substance, force, and soul, desire, adaptation 
VNThich marks the fittest to survive, the rest to transformation. 
Harmonious with vSurroundings must be that which would not die 
And better fitted things with raw material supply. 

And what arc the conclusions we are authorized to draw ? 

That, Force, and Matter, Mind, and Soul, but illustrate one law. 

And is our state the final one, or shall we further fare. 

No longer masticating food; no longer growing hair? 

And shall we win the mastery over every Cosmic mieht? 

And are we mere Automata? Is nothing wrong or right? 

Is then no God Almighty stretching out His hand to .^^avc? 

Is there no hope of heaven waiting us beyond the grave? 

So asks Philosophy athanatist and dualistic 

And thus replies that other one entitled the Monistic: 

"All things, all thoughts, all beings, every action which is done, 

**Are but the different forms of The Existence which is One. 

The noble St. Augustine spoke a creed akin to this. 
The Pantheistic shibboleth, that '*God is th.xt which is." 
The Monist leader Haeckel's view is similarly broad. 
He turns the sentence merely, holding — .\ll th.\t is is God. 

April, 1902. 
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CORRESPONDENCE. 



Sensation in a Crater on the Occurrence of an Earthquake. 
No further information has arrived, since my last letter concern- 
ing the recent severe earthquake in Nicaragua on the 24th instant, 
owing to the fact that during "samune saute." (holy week), just 
past, no mails arrive. There is, however, reliable news that the un- 



394 The American Geologist. J"*^^' i^^-- 

dulations of the earth's surface in the cities of Leon and Chinondega 
caused the church bells to toll, i. e., caused the belts which are 
fixed within the towers of the churches to be sounded by the clapper 
which is freely suspended in each bell, as the church and the tower 
oscillated to and fro— another evidence that my estimate, v. of the 
Rossi- Ferol scale, was about correct. 

During this class, and stronger earthquakes it is difficult to learn 
from the people the material facts, other than injuries to persohs and 
property. They try to and do tell the truth as they remember the 
impressions received at the time, phenomena of light and sound ; but 
the atmosphere is so disturbed, entangled as it were by the numerous 
rapid inflections and refractions of the waves of light, sound and 
force in almost every direction, that no one is correctly impressed 
by what they feel or see or hear during the few moments — excepting 
that everything is in confusion. 

I remember the confused condition of the atmosphere during a 
severe earthquake that occurred while, with four mozos, or peons 
I was more than 200 feet below the surface of the earth in the crater 
of an extinct volcano. We had been an hour getting down to the 
lake in the crater. It occupied almost two-thirds of the crater, was 
crescent-shaped, with convex surface westward, the water line on 
the eastern margin of the lake being a chord extended north and 
south. The walls of the crater bounding the convex side of the lake 
were nearly perpendicular and 300 feet high in some places. The 
mozos were in the shade of a tall but low-branching tree. My four 
companions were bathing in the lake. I was seated on a knoll cov- 
ered with grass, writing my notes, having my feet near the margin 
of the lake, and about two feet above the water, when clouds hid the 
sun, the atmosphere became oppressively **heavy," and warm, and 
the early movements of a severe earthquake were felt. These ap- 
pearances became stronger and stronger and lasted, in all. about 
26 seconds. The mozos hurriedly climbed the tree. The bathers, 
in their haste to get to the shore, made slow progress, stumbling into 
the water every few steps; I arose to my feet and saw. apparently^ 
that the little stream of water that I had admired flowing over 
mosses and ferns down from the walls into the lake, was a cloud of 
spray or heavy visible mist, nearly over me, and the lake of water 
and its western wall of rock were rising to entomb me: and as thie 
moving cloud uncovered the face of the sun I saw. apparently, the 
brilliancy of the sun-light, dazzling in September, from the 
surface far above me, as if the brilliancy of a farewell to 
time and things; soon recovering myself the scene and the 
sounds were mysterious, varying, deceptive, but splendid. The 
reflections and refractions of the undulations of force, light and 
sound from the waterfalls and the atmosphere charged with much 
dust, in almost every direction, were too rapid for the senses to fol- 
low, and were ver>' confusing. When we got to the surface of the 
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surrounding country we examined houses near the crater whose 
heavy tile roofs had been shaken off and broken on the ground. 
We had been **safer" at the bottom of the crater than if we had 
been on the surface of the country near the lake. After the earth- 
quake was over I noted thit the water in the lake had risen toward 
my feet only about one foot. J. Crawfoeid. 

Managua, Mar. 31. 

Volcanoes and earthquakes in Nicaragua. Lava has been 
flowing from the cone of Assosky — a part of the volcanic mass Mo- 
motombo — in Nicaragua, since the earthquakes on 24th March, 1902, 
according to reliable reports since communication interrupted 
during the latter part of "samune saute** (holy we\ik), has been re- 
established. The chief cone of Momotombo at the western margin 
of lake Managua, continues to emit clouds of gases and vapors. 
Matagalpa people declare they never before felt an earthquake in 
that part of Nicaragua. However, there are many Tertiary, large 
fissures now filled with cementing "gangue" in that part of this 
country. Those two earthquakes on 24th March 1902 took an un- 
usual direction and had a strange south of cast breadth for spherical 
and circular waves of earthquake force. The usual progress of 
such waves in Nicaragua has been west of north and south of cast 
along near to the Pacific coast, but the waves on the 24th of last 
month progressed east of north for more than 250 miles across Nic- 
aragua into th€ Caribbean sea, and west of south into the Pacific from 
tht r origin beneath Momotombo. An inter-oceanic canal acro.<»^ 
Nicaragua in the proposed canal route would have felt only a rather 
moderate force excepting it was strong about "Brcto** the proposed 
Pacific harbor to the proposed canal. 

Very respectfully and truly, 

April 2, 1902. J. CRAWFORD. 



PERSONAL AND SCIENTIFIC NEWS. 



Prof. S. W. Williston has been elected head of the de- 
partment of paleontology at the University of Chicago. 

Drs. T. a. Jaggar and E. O. Hovey have also sailed to 
the West Indies for the purpose of examining the phenomena 
of the late eruptions. 

MoHAWKiTE has been mined as a copper ore and 170 tons 
have been sold, netting about $75 per ton. It occurs in the. 
copper district of lake Superior accompanying the main lode 
of the Mohawk mine. 

A BIOGRAPHICAL NOTICE OF ClARENCE KiNG, by R. W. 

Raymond, James T. Gardner, S. F. Emmons and J. D. Hague, 
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was read at the late meeting of the American Institute of Min- 
ing Engineers at Philadelphia. 

Dr. John H. Mathews, the Carnegie fellow at Columbia 
University, was awarded the Carnegie gold medal on May 6 
by the Iron and Steel Institute of London, for his research 
work on low carbon steel alloys. 

The National Geographic Society, Washington, has 
sent the following of its members to examine and report on 
the late volcanic eruptions at Martinique and St. Vincent, viz : 
Robert T. Hill, Israel C. Russell and C. E. Rorchgrevink. 

Dr. J. W. Spencer has returned to Washington after an 
extended trip in Mexico and Central America. He crossed the 
Tehuantepee isthmus on mules and in ox carts, then visiting 
Gautemala and Honduras, touching the comer of Salvador. 
The object of the trip was to study the resemblances or con- 
trasts with the submarine topography of the West Indies. 

I*ROF. W. G. Miller has been appointed Provincial geolo- 
gist and Inspector of Mines of Ontario. This is a new 
office, recently provided for, and the appointment took effect 
May I. Prof. Miller has occupied the chair of geology and 
petrography at Queen's University, and has for some time 
past been connected with the Ontario School of Mines at 
Kingston. He has also been associated with the Bureau of 
Mines in the economic exj)loration of northern and eastern 
Ontario, more particularly in connection with the iron, gold 
and corundum resources of those districts. The appointment* 
is an excellent one. Prof. Miller has done good work, and 
much may be expected from him in the larger field opened to 
him by his new position. — (Eng. and Mining Jour.) 

Geological Excursion. On May 15. 16 and 17 about fifty 
students from the University of Wisconsin and from North- 
western University participated in an excursion to Devils lake, 
Wisconsin, and to the Dalles of the Wisconsin river. The par- 
ty was under the leadership of Prof. C. R. Van Hlse, assisted 
by Prof. J. Morgan Clements and Prof. U. S. Grant. May 
15 and 16 were spent in the Devil's lake district where the 
phenomena connected with the Baraboo (Upper Huronian) 
quartzyte and the unconformably overlying Postdam sandstone 
could be studied, and where also the sharp contrast between 
the glaciated and the driftles« areas is very prominent. Of 
especial interest is the small but beautifully perfect terminal 
moraine and the pre-glacial river gorges. At Kilhourn on May 
17 the dalles of the Wisconsin and other instructive erosion 
phenomena in the beautifully cross-bedded Postdam sandstone 
were studied. 

MnxTs Pklkk and SorFRiKRi:. the former on Martin- 
ique the latter on St. \'incent. West Indies, have been in violent 
eruption since May 8. On that date they burst into terrific 
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activity, resulting in the destruction of the city of St. Pierre 
on Martinique, and several villages, and the estimated loss, on 
both islands, of about 30,000 people. The most remarkable 
phenomena attended these eruptions. Along with clouds of 
ash and streams of lava, vast quantities of explosive gas were 
emitted. This gas was the chief agent in the almost instan- 
taneous death of the inhabitants of St. Pierre. It flowed from 
the crater enveloping the surrounding country. It was a suf- 
focating canopy, which on explosion, which was not delayed, 
set fire to the city and utterly destroyed all life within its reach, 
whether animal or vegetable. It spread over the harbor and 
destroyed a number of vessels that were at anchor. These 
also suffered from the falling of bombs and finer molten mat- 
ter. This eruption is the most remarkable in America within 
historic time, and ranks with Vesuvius and Krakatoa. 

The Spring Meeting of the National Academy of 
Sciences was held in the lecture room of the National Muse- 
um at Washington April 16-18, inclusive. Below is a list of 
the papers offered: 

I. Evolution of the Tilanotheres III. Models and Restorations, 

Henry F. Osborn 
II. Homoplasy and Latent Homology. A Correction, 

Henry F. Osborn 

HI. Evidence that North America and Eurasia Constituted a 

Single Zoological Realm during the Mesozoic and Cen- 

ozoic, and that Correlations caif be Established as a Basis 

for Uniformity of Geological Nomenclature, 

Henry F. Osborn 
IV. Monograph of the Bombycine Moths of America, including 
their Transformation; with a Revision of the Known 
Genera. Part III. Sphingicampidae, 

Alpheus S. Packard 
V. On the Coral Reefs of the Maldives, Alexander Agassi": 
VI. On the Theory of the Formation of Coral Reefs. 

Alexander Agassiz 

VII. Psychophysical Fatigue, 3 - J.McK. Cattell 

VIII. On Some Optical Properties of Asphalt, Edward L. Nichols 

IX. The Classification of the Sciences, Charles S. Peirce 

X. The Postulates of Geometry, .. - Charles S. Peirce 

XI. The Color System, ..- -.. - - Charles S. Peirce 

XII. The Compulsory Introduction of the French Metrical Sys- 
tem into the United States. - - William Sellers 

XIII. The Disintegration of Comets, - - Asaph Hall 

XIV. A New Computation of the Coefficients of Precession and 

Nutation, - - - . . Ira Ibsen Sterner 

Introduced by Asaph Hall 

XV. The Di.stribution of the Stars, - - E. C. Pickering 

XVI. The Variability in Light of Eros, - - E. C. Pickering 
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XVII. The Physiological Station on Monte Rosa, H. P. Bow- 
ditch (With lantern illustrations.) 
XVIII. On Catalysis, . - - - James M. CRAFTb 
XIX. The Atomic Weight of Caesium, - - T. W. Richards 
XX. The Significance of Changing Atomic Volume, T. W. Rich- 
ards 
XXI. Determination of the Weight of the Vapor of Mercury at 
Temperatures Below lOO degrees, Edward W. Morley 
XXII. Biography of Professor William A. Rogers, Arthur Searle 

Presented by Edward W. Morley 

XXIII. Biographical Memoir of General J. G. Barnard, 

Henry L. Abbot 

XXIV. Biographical Memoir of General Francis A. Walker, 

John S. Billings 
XXV. Biographical Memoir of J. S. Newberry, - C. A. White 

New members were elected as follows: C. R. Van Hise, 
Geologist, Madison, Wisconsin; W. W. Campbell, Director 
of the Lick Observatory, Mt. Hamilton, California; C. Hart, 
Merriam, Biologist, Department of Agriculture, Washington; 
Wm. Trelease, Botanist, St. Louis, Missouri; George E. Hale, 
Astronomer, Williams Bay, Wisconsin ; S. F. Emmons was 
elected Treasurer. * * 

The investigations of the past summer (1901) have shown 
conclusively that the unaltered normal or type rock at Sudbury 
with which the deposits of nickeliferous pyrrrhotite and chal- 
copyrite are associated possesses rather exceptional character 
and interest. It belongs to the general family of gabbros, but 
has nearly always traces of a broad ophitic or diabasic struc- 
ture, which, although rude at times, is generally quite distinct." 

A. E. Barlozv. 
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Errata for Volume XXIX. 



Pajfc 38, line 20, after Virginia place a comma in place of a period, 
and read when for "When.'' 



Page 22, line 14, for "may'' reSd many 



Page 137. third line, for "Upper Turonian" read Upper Huronian 
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